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(54) Image forming apparatus 

(57) An image forming apparatus includes a trans- 
port mechanism (11) transporting a recording medium 
on a belt (12) which is transported at a constant speed 
in a transport direction, a plurality of electrostatic 
recording units (24-1 - 24-4) arranged in the transport 
direction of the recording medium and transferring toner 
images of different colors, a positional error detecting 
part (116) using the toner image of a reference color 
transferred by one of the electrostatic recording units as 
a reference image, and relatively detecting positional 
error information related to positional errors of the toner 
images of remaining colors transferred by the remaining 
electrostatic recording units with respect to the refer- 



ence image, and a positional error correcting part (124) 
relatively correcting the positional errors of the toner 
images transferred by the remaining electrostatic 
recording units based on the positional error informa- 
tion. The positional error detecting part includes a part 
for controlling the electrostatic recording units to trans- 
fer at least two resist marks on the belt at a scan starting 
end and a scan terminating end of the belt in a main 
scan direction which is perpendicular to the transport 
direction of the recording medium, with respect to each 
of the colors, and a second part, including a sensor 
detecting the resist marks, for detecting positional error 
quantities of the resist marks of each of the remaining 
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colors with respect to the resist marks of the reference 
color based on detection times of the resist marks of ref- 



erence color and the remaining colors. 
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Description 

BACKGROUND OF THE INVENTION 

The present invention generally relates to image 
forming apparatuses which print a full color image by 
overlapping color images transferred onto a recording 
medium by a plurality of electrostatic recording units 
which are provided with electrophotography printing 
functions, and more particularly to an image forming 
apparatus which can detect and correct positions of 
color images among a plurality of detachable electro- 
static recording units. 

Conventionally, a color image forming apparatus 
which employs the electrophotography technique has 
electrostatic recording units of four colors, namely, black 
(K), cyan (C), magenta (M) and yellow (Y), disposed in 
a tandem arrangement along a transport direction of a 
recording paper. Each of the electrostatic recording 
units of the four colors forms a latent image on a photo- 
conductive drum by optically scanning the photocon- 
ductive drum depending on image data, and develops 
the latent image into a toner image by a corresponding 
color toner of a developing unit The toner images in yel- 
low (Y), magenta (M), cyan (C) and black (K) are suc- 
cessively transferred in this sequence onto the 
recording paper which is transported at a constant 
speed, in an overlapping manner by the four electro- 
static recording units. Finally, the overlapping toner 
images on the recording paper are thermally fixed, for 
example, by a fixing unit 

When the color toner in any of the four electrostatic 
recording units of yellow (Y), magenta (M), cyan (C) and 
black (K) run out, it is necessary to replace the entire 
electrostatic recording unit or a portion of the electro- 
static recording unit. For this reason, the electrostatic 
recording unit has a detachable structure so that it is 
possible to easily remove and set the electrostatic 
recording unit with respect to the image forming appara- 
tus in a state where a cover of the image forming appa- 
ratus is open. 

On the other hand, in order to improve the color 
printing quality in the color image forming apparatus 
which has the four electrostatic recording units dis- 
posed in the tandem arrangement along the transport 
direction of the recording paper, it is necessary to 
improve the color matching accuracy by reducing the 
positional error of the toner images which are trans- 
ferred onto the moving recording paper by the four elec- 
trostatic recording units. For example, if the resolution in 
a main scan direction on the recording paper and the 
resolution in a sub scan direction on the recording paper 
are respectively set to 600 dpi, the pitch of pixels 
becomes approximately 42 urn, and the positional error 
must be suppressed to 42 u.m or less. The main scan 
direction corresponds to a direction perpendicular to the 
transport direction of the recording paper, and the sub 
scan direction corresponds to the transport direction of 



the recording paper. 

However, in the conventional color image forming 
apparatus the four electrostatic recording units dis- 
posed in the tandem arrangement along the transport 

5 direction of the recording paper, the four electrostatic 
recording units are detachably provided, and for this 
reason, the positional error described above is large 
compared to the case where the electrostatic recording 
units are fixedly provided. As a result, it was difficult to 

10 realize a color matching accuracy having the positional 
error suppressed to 42 u.m of less, due to the mechani- 
cal molding or forming accuracy with which parts of the 
image forming apparatus can be formed and the accu- 
racy with which the parts of the image forming appara- 

15 tus can be assembled. 

A method of eliminating the above described prob- 
lems associated with the image forming apparatus hav- 
ing the detachable electrostatic recording units was 
proposed in a Japanese Laid-Open Patent Application 

20 No.8-85236, for example. According to this proposed 
method, resist marks made up of a test pattern are 
transferred on a transfer belt, and the resist marks are 
read by a charge coupled device (CCD). The positional 
error of the resist marks is detected based on an output 

25 of the CCD, by comparing detected coordinates of the 
resist marks with preset absolute reference coordinates 
of the apparatus When outputting the image data with 
respect to a laser scan unit, the image data are cor- 
rected based on the detected positional error. 

30 But according to this proposed method, it is neces- 
sary to carry out the operation of transferring the resist 
marks on the transfer belt and detecting the positional 
error of the resist marks with respect to the absolute 
coordinates, with respect to each of the four electro- 

35 static recording units of yellow (Y), magenta (M), cyan 
(C) and black (K). Furthermore, since the CCD is used 
to detect the resist marks, it takes time to carry out the 
process of detecting the positional error, and the 
amount and cost of the required hardware increase. 

40 On the other hand, the conventional image forming 
apparatus uses the electrostatic recording units which 
are respectively made up of the laser scan unit which 
forms the latent image on the photoconductive drum by 
scanning the photoconductive drum by a laser beam, 

45 For this reason, even if the positional error generated by 
each electrostatic recording unit is large, the scan posi- 
tion of the laser beam can be corrected to a position 
which is determined by the absolute coordinates in a 
relatively easy manner in the case of the laser scan unit. 

so However, in order to reduce the size and cost of the 
image forming apparatus, an electrostatic recording unit 
which uses a light emitting element array in place of the 
laser scan unit has recently been proposed.. The light 
emitting element array includes a plurality of extremely 

55 small light emitting elements arranged in the main scan 
direction. 

In the electrostatic recording unit which uses the 
light emitting element array, the beam irradiating posi- 
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tion of each light emitting element with respect to the 
photoconductive drum is determined in a 1:1 relation- 
ship by the physical position of each light emitting ele- 
ment. Consequently, unlike the laser scan unit, it is 
difficult to change the beam irradiating position of the 5 
light emitting element for the purpose of correcting the 
positional error. 

It is conceivable to correct the positional error by 
mechanically adjusting the light emitting element array 
However, it would be extremely difficult to make a 10 
mechanical adjustment so that the positional error will 
be suppressed to 42 or less. Therefore, in the color 
image forming apparatus which uses the light emitting 
element array, a large positional error on the order of 
300 jim, for example, is generated, and there was a 15 
problem in that a sufficiently high color printing quality 
cannot be realized by the overlap of the color compo- 
nents. 

SUMMARY OF THE INVENTION 20 

Accordingly, it is a general object of the present 
invention to provide a novel and useful image forming 
apparatus in which the problems described above are 
eliminated. 25 

Another and more specific object of the present 
invention is to provide an image forming apparatus hav- 
ing electrostatic recording units which use light emitting 
element arrays, wherein a highly accurate positional 
error correction can be realized by a carrying out a sim- 30 
pie detection of the positional error 

Still another object of the present invention is to 
provide an image forming apparatus comprising a trans- 
port mechanism transporting a recording medium on a 
belt which is transported at a constant speed in a trans- 35 
port direction, a plurality of electrostatic recording units 
arranged in the transport direction of the recording 
medium and transferring toner images of different 
colors, a positional error detecting part using the toner 
image of a reference color transferred by one of the 40 
electrostatic recording units as a reference image, and 
relatively detecting positional error information related 
to positional errors of the toner images of remaining 
colors transferred by the remaining electrostatic record- 
ing units with respect to the reference image, and a 45 
positional error correcting part relatively correcting the 
positional errors of the toner images transferred by the 
remaining electrostatic recording units based on the 
positional error information, where the positional error 
detecting part comprises first means for controlling the so 
electrostatic recording units to transfer at least two 
resist marks on the belt at a scan starting end and a 
scan terminating end of the belt in a main scan direction 
which is perpendicular to the transport direction of the 
recording medium, with respect to each of the colors, ss 
and second means, including a sensor detecting the 
resist marks, for detecting positional error quantities of 
the resist marks of each of the remaining colors with 



respect to the resist marks of the reference color based 
on detection times of the resist marks of reference color 
and the remaining colors. According to the image form- 
ing apparatus of the present invention, the positional 
error information related to the positional errors of the 
images of the remaining colors is detected with respect 
to the reference image, and the positional errors of the 
remaining colors are corrected relative to the reference 
image based on the positional error information so that 
the positions of the images of the remaining colors 
match the position of the reference image. Hence, the 
required amount of hardware is reduced and the 
processing procedure is simplified compared to the 
case where the positional errors of all color images are 
detected and corrected, thereby making it possible to 
considerably reduce the cost of the image forming 
apparatus. For example, when forming the image in four 
colors, namely, yellow, magenta, cyan and black, the 
color black having the highest contrast among the four 
colors may be used as the reference color with respect 
to the remaining colors which are yellow, magenta and 
cyan. 

A further object of the present invention is to pro- 
vide the image forming apparatus of the type described 
above, wherein an optical write unit of each electrostatic 
recording unit includes a write array having a plurality of 
light emitting elements arranged at a pitch of 1 pixel in 
the main scan direction, and writes 1 pixel by controlling 
light emissions of the write array in time divisions of first 
through nth scans in synchronism with the transport of 
the recording medium in the sub scan direction at a 
pitch of 1/n pixels, and the positional error correcting 
part converts the pixel data into the high-resolution pixel 
data by decomposing the pixel data into n in the sub 
scan direction and stores the high-resolution pixel data 
in the image memory when developing the pixel data in 
the image memory, and computes the error quantity in 
the sub scan direction at each pixel position on the main 
scan line, based on the error quantity Ax in the main 
scan direction, the error quantity Ay in the sub scan 
direction and the skew quantity Az in the sub scan direc- 
tion, with respect to the high -resolution pixel data, and 
writes the pixel data in the image memory by correcting 
the write address in the sub scan direction to a position 
in a direction opposite to the direction of the error so as 
to cancel each error quantity, so that n corrected high- 
resolution pixel data are successively read from the 
image memory in synchronism with the transport of the 
recording medium in the sub scan direction at a pitch of 
1/n pixel, and 1 pixel is written by the write array by time- 
divisionally driving the light emitting elements of the 
write array. According to the image forming apparatus of 
the present invention, the image data is converted into 
the high-resolution pixel data having a resolution which 
is n times (for example, two times) in the sub scan direc- 
tion when developing the image data into the pixel data, 
and the pixel data are written by the time-divisional driv- 
ing of the light emitting elements of the write array. 
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Hence, even if the corrected pixel data becomes 
inclined with respect to the main scan direction by the 
positional error correction, it is possible to smoothen the 
irregularities of the print result by the high resolution in 
the sub scan direction. As a result, it is possible to 5 
greatly improve the accuracy of the positional error cor- 
rection in a case where the scan line becomes inclined 
with respect to the reference line of the reference color 
due to the positional error. 

Another object of the present invention is to provide 10 
an image forming apparatus comprising a controller 
part receiving image data and control information, and 
an engine part including a recording unit printing an 
image on a recording medium based on the image data 
and the control information received via the controller 15 
part, where the engine part further includes image 
processing means for correcting a positional error of a 
print position of the recording unit and for converting a 
data format of the image data depending on a driving 
system employed by the recording unit. According to the 20 
image forming apparatus of the present invention, the 
specification of a video interface between the controller 
part and the engine part can be made the same or 
approximately the same regardless of the image form- 
ing apparatus, because the positional error correction 25 
and the data format conversion of the pixel data 
depending on the driving system employed by the 
recording unit are carried out within the engine part 
Therefore, manufacturers of image forming appara- 
tuses need not design and develop an exclusive control- 30 
ler part having the correcting function, and in addition, it 
is possible to reduce the load on the controller part 

Other objects and further features of the present 
invention will be apparent from the following detailed 
description when read in conjunction with the accompa- 35 
nying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1 A through 1 C respectively are diagrams for 40 
explaining the operating principle of the present 
invention; 

FIG.2 is a diagram for explaining an internal struc- 
ture of a main apparatus body of a first embodiment 
of an image forming apparatus according to the 45 
present invention; 

FIG.3 is a cross sectional view showing an electro- 
static recording unit shown in FIG.2; 
FIG.4 is a diagram for explaining removal of a trans- 
port belt unit and the electrostatic recording units so 
shown in FIG.2; 

FIG.5 is a system block diagram showing a hard- 
ware structure of the first embodiment of the image 
forming apparatus; 

F1G.6 is a diagram for explaining a sensor which 55 
detects a resist mark transferred onto a belt; 
FIG.7 is a system block diagram showing a resolu- 
tion converting part shown in FIG.5; 



FIG.8 is a functional block diagram for explaining 
processing functions of the first embodiment of the 
image forming apparatus; 

FIG.9 is a flow chart for explaining a general print 
process of the first embodiment of the image form- 
ing apparatus; 

FIG.10 is a diagram for explaining the operating 
principle of a positional error detection; 
FIG, 1 1 is a diagram for explaining the resist mark 
transferred onto the belt for use in making the posi- 
tional error detection; 

FIG. 12 is a diagram for explaining a shape of the 
resist mark and a condition for determining the 
shape; 

FIG. 13 is a diagram for explaining the shape of the 
resist mark and the condition for determining the 
shape; 

F1GS.14A and 14B respectively are diagrams for 

explaining other shapes of the resist mark; 

FIG. 15 is a diagram for explaining Y, M, C and K 

resist marks transferred onto the belt; 

FIGS. 16(A) through 16(C) respectively are timing 

charts showing resist mark detection pulses 

obtained from sensors; 

FIG. 17 is a diagram for explaining a resist mark 
having a positional error in a sub scan direction; 
FIG. 18 is a diagram for explaining a resist mark 
having a positional error in a main scan direction; 
FIG. 19 is a diagram for explaining a resist mark 
having a reduced line width in the main scan direc- 
tion; 

FIG.20 is a diagram for explaining a resist mark 
having a line width enlarged in the main scan direc- 
tion; 

FIG.21 is a diagram for explaining tables storing 
positional error detection information; 
FIGS.22A through 22D respectively are diagrams 
for explaining the operating principle of a correcting 
process based on the positional error detection 
information obtained in the first embodiment; 
FIG.23 is a diagram for explaining positional error 
correction tables generated from the position error 
detection information; 

FIG.24 is a flow chart for explaining a positional 
error detection process in the first embodiment; 
FIG»25 is a diagram for explaining a photoconduc- 
tive drum and a fight emitting diode (LED) array of 
the electrostatic recording unit; 
FIG.26 is a system block diagram showing a LED 
driving part with respect to the LED array shown in 
FIG25; 

FIGS.27A and 27B respectively are diagrams for 
explaining a memory development for obtaining a 
high resolution of pixel data in the sub scan direc- 
tion; 

FIGS.28A and 28B respectively are diagrams for 
explaining a time division write scan using the high- 
resolution pixel data shown in F1GS.27A and 27B; 
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FIGS.29A through 29D respectively are diagrams 
for explaining a positional error correction with 
respect to the high-resolution pixel data; 
FIG.30 is a diagram for explaining a gradation data 
conversion process when making a conversion to s 
the high-resolution pixel data; 
F1G.31 is a flow chart for explaining a gradation 
dividing process shown in FIG.30; 
FIGS.32(A) through 32(E) respectively are timing 
charts for explaining a light emission control of the io 
LED array by the LED driving part shown in FIG. 26 
using the corrected print data shown in FIG.29D 
after the positional error correction and gradation 
data of first and second scans which are generated 
as shown in FIG.30; 15 
FIG.33 is a flow chart for explaining the light emis- 
sion control shown in FIGS.32(A) through 32(E); 
FIGS.34A through 34D respectively are diagrams 
for explaining a line width correcting process based 
on a line width magnification; 20 
FIG.35 is a flow chart for generally explaining a 
positional error correcting process in the first 
embodiment; 

FIG. 36 is a system block diagram showing a sec- 
ond embodiment of the image forming apparatus 25 
according to the present invention; 
FIG .37 is a diagram for explaining an exposure 
using a single laser beam; 

FIG.38 is a diagram for explaining an exposure 
using two laser beams; 30 
FIG. 39 is a system block diagram showing a third 
embodiment of the image forming apparatus 
according to the present invention; 
FIG.40 is a system block diagram showing the con- 
struction of an image processor of an engine part; 35 
F1G.41 is a system block diagram showing an 
important part of a fourth embodiment of the image 
forming apparatus according to the present inven- 
tion; and 

FIG.42 is a flow chart for explaining an embodiment 40 
of an operation process carried out by an exposure 
quantity operation unit. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 45 



First, a description will be given of the operating 
principle of the present invention, by referring to 
FIGS, 1 A through 1C. 

An image forming apparatus according to the so 
present invention generally includes a transport mecha- 
nism, and a plurality of electrostatic recording units. The 
transport mechanism is provided with a belt which is 
transported at a constant speed, and a recording paper 
is attracted to and is transported by this belt The elec- 55 
trostatic recording units are disposed in a tandem 
arrangement along a transport direction of the recording 
paper. Each of the electrostatic recording units forms a 



latent image dependent on image data by optically 
scanning a photoconductive drum, and develops the 
late- -age on the recording paper using a toner which 
has a corresponding color, so that an image of the cor- 
resp: ling color is transferred onto the recording paper 
on the oelt by each of the electrostatic recording units. 

In this image forming apparatus having the electro- 
static recording units disposed in the tandem arrange- 
ment, a color image formed by an arbitrary one of the 
electrostatic recording units is used as a reference 
image. A positional error detecting part 116 shown in 
FIG.1 A detects information related to positional errors 
of color images formed by the other electrostatic record- 
ing units relative to the reference image. A positional 
error correcting part 124 shown in FIG.1A corrects the 
color images formed by the other electrostatic recording 
units, excluding the arbitrary electrostatic recording unit, 
relative to the reference image so as to eliminate the 
positional errors, based on the detected information 
related to the positional errors of the other electrostatic 
recording units detected by the positional error detect- 
ing part 116. 

For example, the image forming apparatus is pro- 
vided with four electrostatic recording units for forming 
black (K), cyan (C), magenta (M) and yellow (Y) images 
(hereinafter referred to as K, C, M and Y electrostatic 
recording units). In addition, a black image formed by 
the K electrostatic recording unit is used as the refer- 
ence image, for example, and the cyan, magenta and 
yellow images formed by the other G, M and Y electro- 
static recording units are corrected relative to the black 
image based on the information related to the positional 
errors detected with respect to the cyan, magenta and 
yellow images. 

By detecting and correcting the positional errors of 
the cyan, magenta and yellow images relative to the ref- 
erence black image in this manner, it becomes possible 
to use one of the four color images as the reference 
image and to detect the positional errors of the remain- 
ing three color images relative to the reference image. 
As a result, compared to the case where the positional 
errors of all of the four color images are detected with 
respect to the absolute reference coordinates of the 
apparatus, the hardware required to detect the posi- 
tional errors becomes simple and inexpensive. 

As shown in FIG.1B, the electrostatic recording 
units sequentially transfer resist marks 150 of the corre- 
sponding colors onto a belt 12, and the positional error 
detecting part 1 1 6 thereafter optically detects the resist 
marks 150 by sensors 30, so as to detect the positional 
errors of the resist marks 150 of the corresponding 
three colors relative to the reference resist mark 1 50 of 
the reference color other than the three colors. 

In this case, positional error detecting part 116 
prints the reference resist mark 150 by the electrostatic 
recording unit of the color having the highest contrast, 
and detects positional error information of the resist 
marks 150 printed by the electrostatic recording units of 
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the other three remaining colors relative to the reference 
resist mark 150. More particularly, the black resist mark 
150 printed by the black (K) electrostatic recording unit 
is used as the reference resist mark 150, and the posi- 
tional errors of the resist marks 150 printed by the other 
cyan (C), magenta (M) and yellow (Y) electrostatic 
recording units relative to the black resist mark 150 are 
detected. 

The resist mark 150 which is transferred onto the 
belt 12 by the positional error detecting part 116 has a 
general wedge shape including a first straight line which 
extends in the main scan direction and is perpendicular 
to the transport direction of the recording paper, and a 
second straight line which is connected to one end of 
the first straight line and is inclined with respect to both 
the main scan direction and the sub scan direction 
which is perpendicular to the main scan direction. 

The positional error detecting part 1 1 6 transfers the 
resist mark 150 at two positions on the belt 12, that is, at 
a position on a scan starting side and at a position on a 
scan terminating side of the belt 12 along the main scan 
direction. The positional error detecting part 116 meas- 
ures a time from a time when the first straight line of the 
reference resist mark 150 is detected in the sub scan 
direction to a time when the first straight line of the resist 
mark 150 of another color is detected, and detects an 
error quantity Ay in the sub scan direction by subtracting 
from the measured time a reference time for the case 
where no positional error exists. 

In addition, the positional error detecting part 116 
measures a first time from a time when the horizontal 
first straight line of the reference resist mark 150 is 
detected in the sub scan direction to a time when the 
oblique second straight line of the reference resist mark 
150 is detected, and measures a second time from a 
time when the horizontal first straight line of the resist 
mark 150 of another color is detected in the sub scan 
direction to a time when the oblique second straight line 
of the resist mark 1 50 of this other color is detected. The 
positional error detecting part 116 detects an error 
quantity Ax in the main scan direction from a difference 
between the first time and the second time described 
above- 
Conditions with respect to the dimensions of the 
resist mark 1 50 transferred onto the belt 1 2 by the posi- 
tional error detecting part 116 may be determined as fol- 
lows. That is, an intersecting angle 0 of the second 
straight line of the resist mark 150 with respect to the 
first straight line of this resist mark 150 in the main scan 
direction is set to satisfy the following relationship, 
where v denotes a transport speed (mm/sec) of the belt 
12, S denotes a detection accuracy frim) of the sensor 
30, and T denotes a sampling period (sec) of the detec- 
tion signal of the sensor 30. 

tane < (v • T/S) 

On the other hand, the an intersecting angle 0 of 



the second straight line of the resist mark 150 with 
respect to the first straight line of this resist mark 1 50 in 
the main scan direction is set to satisfy the following 
relationship, where v denotes a transport speed 
5 (mm/sec) of the belt 12, W denotes a tolerable error ' 
width (mm) of the first straight line in the main scan 
direction, and t denotes a tolerable time (sec) of the 
printing of one resist mark 1 50 in the sub scan direction. 

10 tan9 < (v • t/W) 

The positional error detecting part 1 16 successively 
transfers onto the belt 12 a plurality of resist marks 150 
of each of the colors in the sub scan direction, and cal- 
ls culates an average value of the error quantities 
detected for each of the resist marks 150. As a result, 
the positional error detection accuracy is further 
improved. 

The positional error detecting part 116 may store 

20 the pattern of the resist mark 150 to be transferred onto 
the belt 12 in a bit map pattern. However, in order to 
reduce the required memory capacity, it is desirable to 
store the pattern information of the resist mark 1 50 in 
the form of vector data and to transfer the resist mark 

25 150 onto the belt 12 by the electrostatic recording unit 
by developing the stored vector data into pixel data at 
the time of the printing. 

The positional error detection information detected 
by the positional error detecting part 116 includes a 

so positional error quantity, an inclination quantity and a 
line width in the main scan direction of a main scan line 
which is subject to the detection with respect to the ref- 
erence image, in other words, the positional error 
detecting part 116 uses the main scan line of the refer- 

35 ence image as a reference, and detects the positional 
error detection information which includes an error 
quantity Ax in the main scan direction and an error 
quantity Ay in the sub scan direction of a starting end of 
the main scan line of the image which is subject to the 

40 detection, a deviation quantity (skew quantity) Az in the 
sub scan direction of a terminating end of the main scan 
line indicating the inclination (slope) of the main scan 
line, and a magnification Km of the line width of the main 
scan line. 

45 The positional error correcting part 124 develops 
the image data transferred from a host unit into pixel 
data in an image memory 82. When developing the 
image data into the pixel data in the image memory 82, 
the positional error correcting part 1 24 corrects a write 

so address based on the positional error detection informa- 
tion from the positional error detecting part 1 1 6, so as to 
correct the error of the image which is to be printed with 
respect to the reference image. 

More particularly, when correcting the write 

55 address, the positional error correcting part 124 com- 
putes the error quantity in the sub scan direction at each 
pixel position on the main scan line, based on the error 
quantity Ax in the main scan direction, the error quantity 
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Ay in the sub scan direction and the deviation quantity 
(skew quantity) Az in the sub scan direction. The posi- 
tional error correcting part 124 writes the pixel data in 
the image memory 82 by correcting the write address in 
the sub scan direction to a position in a direction oppo- 5 
site to the direction of the error so as to cancel each 
error quantity. 

Furthermore, each of the electrostatic recording 
units used in the image forming apparatus of the 
present invention includes an optical write unit which 10 
forms an electrostatic latent image on the photoconduc- 
tive drum by carrying out an optical write operation with 
respect to the photoconductive drum depending on gra- 
dation values of the pixel data. The resolution in the sub 
scan direction of the optical write unit is set higher than is 
the resolution in the main scan direction. The positional 
error correcting part 1 24 carries out the printing by cor- 
reefing the positional error using the gradation values 
and the high-resolution optical write operation of the 
optical write unit. 20 

The optical write unit includes a write array 36 hav- 
ing a plurality of light emitting elements (LEDs or light 
emitting segments) arranged at a pitch of 1 pixel in the 
main scan direction, and writes 1 pixel by controlling 
light emissions of the write array 36 in time divisions of 25 
first through nth scans by a LED driving part 130 in syn- 
chronism with the transport of the recording paper in the 
sub scan direction at a pitch of 1/n pixels. 

When developing the pixel data in the image mem- 
ory 82, In correspondence with the write array 36, the 30 
positional error correcting part 124 converts the pixel 
data into high-resolution pixel data by decomposing the 
pixel data into n (for example, two) in the sub scan direc- 
tion and stores the high-resolution pixel data. This reso- 
lution conversion process may be carried out within the 35 
positional error correcting part 124 or, by a resolution 
converting part 88 which is provided independently of 
the positional error correcting part 124 as shown in 
FIG.1 A. At the same time, the positional error correcting 
part 124 computes the error quantity in the sub scan 40 
direction at each pixel position on the main scan line, 
based on the error quantity Ax in the main scan direc- 
tion, the error quantity Ay in the sub scan direction and 
the deviation quantity (skew quantity) Az in the sub scan 
direction, with respect to the high-resolution pixel data. 45 
The positional error correcting part 1 24 writes the pixel 
data in the image memory 82 by correcting the write 
address in the sub scan direction to a position in a direc- 
tion opposite to the direction of the error so as to cancel 
each error quantity, as may be seen from FIGS.1C(A) so 
through 1 C(D). FIG.1 C(A) shows the pixel data stored in 
the image memory 82 prior to the correction, and 
FIG.1 C(B) shows the printed pixel data prior to the cor- 
rection, that is, the pixel data printed in the case where 
no correction is made. On the other hand, FIG.1C(C) ss 
shows the pixel data stored in the image memory 82 
after the correction, and FIG.1C(D) shows the printed 
pixel data after the correction, that is, the pixel data in 



the case where the correction is made. 

In other words, n corrected high-resolution pixel 
data are successively read from the image memory 82 
in synchronism with the transport of the recording paper 
in the sub scan direction at a pitch of 1/n pixel, and 1 
pixel is written by the write array 36 by time-divisionally 
driving the LEDs of the write array 36 by the LED driving 
part 130, 

When converting the pixel data into the n high -res- 
olution pixel data at the pitch of 1/n pixel in the sub scan 
direction, the gradation value differs depending on 
whether the decomposed hi- resolution pixel data is 
located at a boundary of 1 pixel by a shift of the posi- 
tional error correction. 

That is, when developing the high resolution pixel 
data which are corrected of the positional error in the 
image memory 82, the positional error correcting part 
124 judges whether or not the n high-resolution pixel 
data decomposed with the pitch of 1/n pixel in the sub 
scan direction are located at the pixel boundary. If the n 
high-resolution pixel data are not located at the pixel 
boundary, a previously used gradation value is stored 
as a gradation value of the first scan with respect to the 
n decomposed high-resolution pixel data. On the other 
hand, when the n high-resolution pixel data are located 
at the pixel boundary, the gradation values are stored 
separately for the first through nth scans with respect to 
the decomposed n high-resolution pixel data. 

With respect to the gradation values of the high-res- 
olution pixel data which are generated in this manner, 
the light emission of the LEDs of the write array 36 of 
the optical write unit is time-divisionally controlled 
depending on the same gradation value for each timing 
of the first through nth scans of 1 pixel ai the pitch of 1/n 
pixel in the sub scan direction if the high-resolution pixel 
data amounting to 1 pixel decomposed in the sub scan 
direction and read from the image memory 82 has the 
gradation value of only the first scan. 

On the other hand, if the high-resolution pixel data 
amounting to 1 pixel decomposed in the sub scan direc- 
tion and read from the image memory 82 has the grada- 
tion values of the first through nth scans (that is, located 
at the pixel boundary), the light emission of the LEDs of 
the write array 36 of the optical write unit is controlled 
via the LED driving part 1 30 depending on the gradation 
value of the first scan with the timing of the nth scan of 
the nth 1/n period for the first 1 pixel, controlled via the 
LED driving part 130 depending on the gradation value 
of the second scan with the timing of the (n-1)th scan of 
the second 1/n period of the next 1 pixel, .... and control- 
led via the LED driving part 130 depending on the gra- 
dation value of the nth scan with the timing of the first 
scan of the first 1/n period of the next 1 pixel. 

For this reason, by printing the corrected high-reso- 
lution pixel data stored in the image memory 82, the res- 
olution of the printed image becomes doubled in the sub 
scan direction. Hence, even in the case of the printing 
using a write array having an optical recording position 
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which is physically fixed with respect to the photocon- 
ductive drum, it is possible to correct the positional error 
of the image with respect to the reference image with a 
high accuracy. It is possible to improve the accuracy of 
the positional error correction particularly in the case 5 
where the positional error is caused by the scan line 
which is inclined with respect to a reference line. 

The write array 36 of the optical write unit has a plu- 
rality of LEDs or LED chips arranged at a pitch of 1 pixel 
in the main scan direction. By use of the write array 36, 10 
the printing resolution of the optical write unit in the sub 
scan direction is set to an integral multiple of (n times) 
the resolution in the main scan direction. For example, n 
is 2 or 3. In other words, in the case where the printing 
resolution in the main scan direction is 600 dpi, for 15 
example, the printing resolution in the sub scan direc- 
tion is set to 1200 dpi which is 2 times that in the main 
scan direction or, set to 1 800 dpi which is 3 times that in 
the main scan direction. The LED driving part 1 30 of the 
optical write unit controls each LED of the write array 36 20 
to make a number of light emission pulses dependent 
upon the gradation value during the light emission 
period of each LED, so as to control the depth of the 
latent image formed on the photoconductive drum.. 

if the line width in the main scan direction is differ- 25 
ent from a reference width, a correction is carried out to 
compress or expand the pixel data in the main scan 
direction so as to match the line width to the reference 
width. In other words, the positional error correcting part 
124 obtains a reduced or enlarged number (N/Km) of so 
corrected pixels by multiplying to a predetermined 
number N of pixels in the main scan direction an inverse 
number of a magnification Km (=L/L0) which is obtained 
by dividing a line width L of the image in the main scan 
direction by a line width L0 of the reference image in the 
main scan direction. In addition, the positional error cor- 
recting part 124 writes the gradation value of the pixel 
data compressed or expanded in the main scan direc- 
tion at each pixel address of the reduced or enlarged 
number (N/Km) of corrected pixels. 

More particularly, with respect to the print result of 
the pixel data before the correction, the positional error 
correcting part 124 multiplies an inverse number of the 
magnification Km and obtains a corrected print result 
which is reduced or enlarged in the main scan direction. 
The positional error correcting part 124 samples the 
corrected print result at each position of the reduced or 
enlarged number (N/Km) of corrected pixels by multiply- 
ing the inverse number of the magnification Km of the 
line width of the image in the main scan direction to the 
predetermined number N of pixels in the main scan 
direction, so as to generate the gradation value of each 
pixel after being subjected to the line width correction 

The image forming apparatus of the present inven- 
tion may be constructed so that a main apparatus body 
is formed by an engine part and a controller part, where 
the plurality of electrostatic recording units and the posi- 
tional error detecting part 116 are provided in the 



engine part, and the positional error correcting part 124 
is provided in the controller part 

In this case, the positional error correcting part 124 
provided in the controller part carries out the positional 
error correction based on the positional error detection 
information supplied from the positional error detecting 
part 1 16 of the engine part, when developing the image 
data transferred from an external host unit into the 
image memory 82 as pixel data. 

In addition, when reading the image data from the 
image memory 82 and outputting the read image data 
to the engine part, the positional error correcting part 
124 provided in the controller part may develop the 
image memory in a buffer memory which is provided at 
an intermediate part of an output path. In this case, the 
positional error correction can be carried out in the 
buffer memory based on the positional error detection 
information supplied from the positional error detecting 
part 116 provided in the engine part 

As will be described later in the specification in con- 
junction with FIG.8, the positional error detecting part 
116 includes a resist pattern write part 1 18, a positional 
error computing part 120 and a positional error informa- 
tion storing part 122 for carrying out the above 
described operations of the positional error detecting 
part 1 1 6„ On the other hand, the positional error correct- 
ing part 124 includes an address converting part 128 
and a positional error correcting information storing part 
126 for carrying out the above described operations of 
the positional error correcting part 124 

Next, a description will be given of various embodi- 
ments of the image forming apparatus of the present 
invention. 

1-1 . Structure of First Embodiment of Image Forming 
Apparatus: 

FIG.2 is a diagram for explaining an internal struc- 
ture of a first embodiment of the image forming appara- 
tus according to the present invention. A transport belt 
unit 1 1 for transporting a recording medium such as a 
recording paper is provided within a main apparatus 
body 10. This transport belt unit 1 1 has an endless belt 
12 which is freely movable, and the endless belt 12 is 
made of a transparent dielectric material such as a suit- 
able synthetic resin material. The endless belt 12 is pro- 
vided around 4 rollers 22-1, 22-2, 22-3 and 22-4. The 
transport belt unit 11 is detachably provided with 
respect to the main apparatus body 10. 

The roller 22-1 functions as a driving roller, and the 
driving roller 22-1 is driven by a driving mechanism (not 
shown) to drive the endless belt 12 clockwise as indi- 
cated by an arrow at a constant speed. The driving roller 
22-1 also functions as an A.C. charge elimination roller 
for eliminating (or discharging) the charge on the end- 
less belt 12. The roller 22-2 functions as a freely rotata- 
ble following roller, and this following roller 22-2 also 
functions as a charging roller for applying a charge on 
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the endless belt 12, 

The rollers 22-3 and 22-4 both function as guide 
rc=: "?rs, and the guide roller 22 3 is arranged in a vicinity 
o + -3 driving roller 22-1 while the guide roller 22-4 is 
an ,:jed in a vicinity of the following roller 22-2. An 5 
upper moving part of the endless belt 12 between the 
following roller 22-2 and the driving roller 22-1 forms a 
paper moving path for the recording paper. The record- 
ing paper is stored in a hopper 1 4, and the recording 
paper is fed from the hopper 1 4 one sheet at a time from 10 
the top sheet by a pickup roller 1 6. The recording paper 
fed out by the pickup roller 16 passes througn a paper 
guide path 18 and is supplied to the paper moving path 
of the endless belt 1 2 from the side of the following roller 
22-2 by a pair of paper feeding rollers 20, and the is 
recording paper passed through the paper moving path 
is ejected by the driving roller 22-1 . 

Since the endless belt 12 is charged by the follow- 
ing roller 22-2, the recording paper is electrostatically 
attracted to the endless belt 12 when the recording 20 
paper is supplied to the paper moving path from the side 
of the following roller 22-2, thereby preventing the posi- 
tion of the recording paper from changing during trans- 
port. On the other hand, because the driving roller 22-1 
on the ejecting side functions as the charge elimination 25 
roller, the charge on the endless belt 1 2 is eliminated at 
a part where the endless belt 12 touches the driving 
roller 22-1. For this reason, the charge on the endless 
belt 12 is eliminated when the recording paper passes 
the driving roller 22-1 , and the recording paper can eas- so 
ily be separated from the endless belt 12 and ejected 
without being attracted towards the lower moving part of 
the endless belt 12. 

Four electrostatic recording units 24-1, 24-2, 24-3 
and 24-4 of yellow (Y), magenta (M), cyan (C) and black 35 
(K) are provided within the main apparatus body 10, 
The Y, M, C and K electrostatic recording units 24-1 , 24- 
2, 24-3 and 24-4 are disposed in series in a tandem 
arrangement in this sequence from an upstream side to 
a downstream side along the paper moving path on the 40 
upper moving part of the endless belt 12 between the 
following roller 22-2 and the driving roller 22-1, 

The Y, M, C and K electrostatic recording units 24- 
1 , 24-2, 24-3 and 24-4 have the same structure, except 
that the Y, M, C and K electrostatic recording units 24-1 , 45 
24-2, 24-3 and 24-4 respectively use a yellow toner, 
magenta toner, cyan toner and black toner as develop- 
ing agents. 

Hence, the Y, M, C and K electrostatic recording 
units 24-1, 24-2, 24-3 and 24-4 successively transfer so 
and record yellow, magenta, cyan and black toner 
images in an overlapping manner on the recording 
paper which moves along the paper moving path on the 
upper moving part of the endless belt 12, thereby form- 
ing a full color toner image on the recording paper, 55 

FIG.3 is a cross sectional view showing one of the 
electrostatic recording units 24-1, 24-2, 24-3 and 24-4 
shown in FIG.2. An electrostatic recording unit 24 is pro- 



vided with a photoconductive drum 32, and this photo- 
conductive drum 32 is rotated clockwise when carrying 
out the recording operation. A precharger 34 which is 
made of a corona charger or scorotron charger, for 
example, is arranged above the photoconductive drum 
32, and the rotary surface of the photoconductive drum 
32 is uniformly charged by the precharger 32. 

A LED array 32 which functions as the optical write 
unit is arranged in a charging region of the photocon- 
ductive drum 32, and an electrostatic latent image is 
written by a scanning light emitted from the LED array 
36. In other words, the light emitting elements arranged 
in the main scan direction of the LED array 36 are driven 
based on gradation values of pixel data (dot data) devel- 
oped from the image data which is supplied as print 
information from a computer, word processor or the like, 
and the electrostatic latent image is written as a dot 
image. 

The electrostatic latent image written on the photo- 
conductive drum 32 is electrostatically developed into a 
charged toner image by a predetermined color toner of 
a developing unit 40 arranged above the photoconduc- 
tive drum 32. The charged toner image on the photo- 
conductive drum 32 is electrostatically transferred onto 
the recording paper by a conductive transfer roller 42 
located below the photoconductive drum 32. 

In other words, the conductive transfer roller 42 is 
arranged with a small gap from the photoconductive 
drum 32 via the endless belt 12. The conductive transfer 
roller 42 applies on the recording paper which is trans- 
ported by the endless belt 12 a charge of a polarity 
opposite to that of the charged toner image, so that the 
charged toner image on the photoconductive drum 32 is 
electrostatically transferred onto the recording paper. 

After the transfer process, residual toner not trans- 
ferred onto the recording paper remains adhered on the 
photoconductive drum 32. The residual toner is 
removed by a toner cleaner 43 which is provided on the 
downstream side of the paper moving path with respect 
to the photoconductive drum 32. The removed residual 
toner is returned to the developing unit 40 by a screw 
conveyor 38 and is used again as the developing toner. 

Returning now to the description of FIG.2, the full 
color image is formed on the recording paper as the 
recording paper passes the paper moving path of the 
endless belt 12 between the following roller 22-2 and 
the driving roller 22-1, by the overlap of the toner 
images of the four colors, namely, yellow, magenta, 
cyan and black, by the electrostatic recording units 24-1 
through 24-4. The recording paper having the full color 
image formed thereon is supplied from the side of the 
driving roller 22-1 towards a heat roller type thermal fix- 
ing unit 26 where the full color image on the recording 
paper is thermally fixed. After the thermal fixing, the 
recording paper passes through guide rollers and is 
stacked on a stacker 28 which is provided at an upper 
part of the main apparatus body 10. 

A pair of sensors 30-1 and 30-2 are arranged in a 
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direction perpendicular to the moving direction of the 
endless belt 1 2, with respect to the lower moving path of 
the endless belt 12. In the state shown in FIG.2, only the 
sensor 30-1 in front is visible. The sensors 30-1 and 30- 
2 are used to optically read resist marks which are 
transferred onto the endless belt 12 in order to detect a 
positional error in this embodiment 

FIG.4 is a diagram for explaining removal of the 
transport belt unit 1 1 provided within the main appara- 
tus body 10 shown in FIG.2, and detachable structures 
of the electrostatic recording units 24-1 through 24-4 
provided with respect to the transport belt unit 1 1 . First, 
a cover 54 which is free to open and close about a ful- 
crum located on a left side thereof is provided at an 
upper part of the main apparatus body 10. A frame 55 is 
arranged within the main apparatus body 10, and pins 
56 are arranged at two locations at an upper part of the 
frame 55, 

On the other hand, a frame 58 provided in corre- 
spondence with the frame 55 of the main apparatus 
body 1 0 is provided on a side surface of the transport 
belt unit 1 1 which is shown in a state removed from the 
main apparatus body 10 in FIG.4. Pin holes are pro- 
vided at positions of the frame 58 corresponding to the 
pins 56 of the frame 55 For this reason, the transport 
belt unit 1 1 can be removed upwards from the pins 56 
located on the side of the main apparatus body 10 by 
opining the cover 54 and pulling the transport belt unit 
1 1 upwards. 

The electrostatic recording units 24-1 through 24-4 
are mounted with respect to the transport belt unit 1 1 by 
inserting pins 50 provided on the side surfaces of the 
electrostatic recording units 24-1 through 24-4 into cor- 
responding mounting grooves 52 which are open at the 
top and are provided on corresponding mounting plates 
51 arranged on both sides of the transport belt unit 11. 
Each mounting groove 52 has an upper V-shaped por- 
tion which opens to the top, and a lower straight groove 
portion which connects to the upper V-shaped portion 
and has a width approximately corresponding to that of 
the pin 50. Each electrostatic recording unit 24 can be 
accurately positioned to a predetermined position on 
the transport belt unit 1 1 by fitting the pin 50 into the cor- 
responding mounting groove 52 and pushing the elec- 
trostatic recording unit 24 downwards along the 
mounting groove 52. When supplying the toner to or 
attending to the maintenance of the electrostatic record- 
ing units 24-1 through 24-4, it is possible to easily 
remove the electrostatic recording units 24-1 through 
24-4 by pulling them upwards, as may be seen from the 
removed electrostatic recording unit 24-3 shown in 
FIG.4, for example. 

1-2, Hardware Structure and Function: 

FIG.5 is a system block diagram showing the hard- 
ware structure of this embodiment of the image forming 
apparatus. In this embodiment, the hardware is made 



up of an engine part 60 and a controller part 62 shown 
in FIG.5. A mechanical controller 64 which controls 
operations of printing mechanism parts such as the 
transport belt unit 11 and the electrostatic recording 
5 units 24-1 through 24-4 is provided in the engine part 
60. 

A sensor process MPU 66 is provided with respect 
to the mechanical controller 64 in order to carry out a 
positional error detection process of this embodiment. 

w With respect to the sensor process MPU 66, detection 
signals from the pair of sensors 30-1 and 30-2 arranged 
below the endless belt 12 are input via corresponding 
analog-to-digitai converters (ADCs) 68-1 and 68-2, 
The mechanical controller 64 is coupled to the con- 

15 troller part 62 via an engine part connector 70 and a 
controller side connector 80. In FIG. 5, only the endless 
belt 12 and LED arrays 36-1 , 36-2, 36-3 and 36-4 of the 
Y, M, C and K electrostatic recording units 24-1, 24-2, 
24-3 and 24-4 are shown as the printing mechanisms 

20 provided in the engine part 60. 

A controller MPU 72 is provided in the controller 
part 62, A host unit such as a personal computer 92, for 
example, is coupled to the controller MPU 72 via a con- 
troller part connector 76 and an interface processor 74. 

25 The personal computer 92 is provided with a driver 96 
for subjecting color image data supplied from an arbi- 
trary application program 94 to a printing process. This 
driver 96 is coupled to the control part connector 76 of 
the controller part 62 via a personal computer connector 

30 9S. 

Y, M, C and K image memories 82-1 , 82-2, 82-3 
and 82-4 for storing yellow, magenta, cyan and black 
image data transferred from the personal computer 92 
by developing the image data into pixel data (dot data) 

35 are provided in the controller part 62 with respect to the 
controller MPU 72. On the other hand, the controller 
MPU 72 is coupled to the engine part 60 via an interface 
processor 78, the controller side connector 80 and the 
engine side connector 70. The positional error informa- 

40 tion detected in the engine part 60 is received by the 
interface processor 78, and the positional error correc- 
tion is carried out with respect to the pixel data of each 
of the images developed in the Y, M, C and K image 
memories 82-1 through 82-4, 

45 The controller MPU 72 is provided with an address 
specifying part 84 for specifying an address when 
developing the pixel data of each of the colors into the Y, 
M, C and K image memories 82-1 through 82-4. An 
address converting part 86 is coupled to the address 

so specifying part 84. The address converting part 86 car- 
ries out an address conversion for the positional error 
correction, based on the positional error information 
obtained from the engine part 60 via the interface proc- 
essor 78. 

55 A resolution converting part 88 is provided with 
respect to the Y, M, C and K image memories 82-1 
through 82-4. Buffer memories 90-1, 90-2, 90-3 and 90- 
4 are provided in the resolution converting part 88 in 
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correspondence with the colors yeliow, magenta, cyan 
and black. The resolution converting part 88 converts 
the pixel data corrected of the positional error and read 
from the image memories 82-1 through 82-4 into two 
high-resolution pixel data by decomposing the pixel 
data in the sub scan direction (paper transport direction) 
of the LED arrays 36-1 through 36-4 

For example, if the resolution is 600 dpi in the main 
scan direction and 600 dpi in the sub scan direction 
when the image data are developed and stored in the 
image memories 82-1 through 82-4 as the pixel data, 
the resolution converting part 88 converts the pixel data 
into high-resolution pixel data having a resolution of 600 
dpi in the main scan direction but a resolution of 1200 
dpi in the sub scan direction. By converting the pixel 
data into the high-resolution pixel data having the reso- 
lution which is doubled in the sub scan direction, it 
becomes possible to increase the printing accuracy 
when carrying out the positional error correction in a 
case where the scan line becomes inclined in the 
engine part 60, Of course, the resolution of the high-res- 
olution pixel data in the sub scan direction may be n 
times that of the pixel data developed in the image 
memories 82-1 through 82-4, and n is not limited to 2. If 
n = 3, the resolution of the high-resolution pixel data in 
the sub scan direction becomes 1800 dpi which is 3 
times that of the pixel data developed in the image 
memories 82-1 through 82-4. 

FIG.6 is a diagram for explaining an embodiment of 
one of the sensors 30-1 and 30-2 provided in the engine 
part 60 shown in FIG.5. A sensor 30 shown in FIG.6 has 
a light emitting element 1 00 arranged in a direction of an 
incident angle 01 with respect to the endless belt 12, 
and a light from the fight emitting element 100 is imaged 
as a beam spot on the endless belt 12 via an imaging 
lens 102. A light receiving element 106 is arranged via 
a condenser lens 104 and a split 105 in a direction of a 
reflection angle 02 with respect to this beam spot. 

The incident angle 01 of the light emitting element 
100 and the reflection angle 02 of the light receiving ele- 
ment 106 are determined within a range of 45° to 75°, 
so that an optimum amount of reflected light is obtained. 
The sensor 30 optically detects the resist mark 150 
which is transferred onto the endless belt 12 by the elec- 
trostatic recording unit 24 for the purpose of detecting 
the positional error. 

In other words, at a position on the surface of the 
endless belt 12 where no resist mark 150 is formed, the 
incident light from the light emitting element 100 is suffi- 
ciently reflected and is received by the light receiving 
element 106, so that a signal output from the light 
receiving element 1 06 becomes greater than or equal to 
a prescribed level On the other hand, when the endless 
belt 12 moves and the resist mark 150 reaches the 
detecting position, the incident light from the light emit- 
ting element 100 undergoes a diffused reflection at the 
resist mark 1 50 because the resist mark 1 50 is made up 
of fine toner. As a result, the level of the signal output 



from the light receiving element 1 06 decreases when 
the resist mark 150 reaches the detecting position, and 
the resist mark 1 50 can be detected from this decrease 
in the level of the signal output from the light receiving 

5 element 1 06. 

FIG.7 is a system block diagram showing the reso- 
lution converting part 88 provided in the controller part 
60 shown in FIG.5. As shown in FIG.7, the resolution 
converting part 88 has a buffer memory 90, an interface 

10 part 110, and address specifying part 1 12 and a conver- 
sion controller 1 1 4 with respect to each of the colors yel- 
low, magenta, cyan and black. The pixel data corrected 
of the positional error and obtained from the corre- 
sponding one of the image memories 82-1 through 82- 

15 4 shown in FIG.5 are input to the interface part 110. 

Positional error correction data based on the posi- 
tional error information detected in the engine part 60 
are supplied to the conversion controller 114 via the 
interface processor 78 provided in the controller part 62 

20 shown in FIG.5. When a direction of the LED arrays 36- 
1 through 36-4 in the engine part 60 perpendicular to 
the paper transport direction is denoted by the main 
scan direction x and the paper transport direction is 
denoted by the sub scan direction y, the buffer memory 

25 90 is used to convert the pixel data into the high-resolu- 
tion pixel data in which 1 pixel in the sub scan direction 
y is decomposed into 2 pixels. 

By making this resolution conversion using the 
buffer memory 90, the pixel data having a resolution of 

30 600 dpi in the main scan direction x and a resolution of 
600 dpi in the sub scan direction y, for example, are con- 
verted into the high-resolution pixel data having a reso- 
lution of 600 dpi in ihe main scan direction but a 
resolution of 1200 dpi in the sub scan direction y which 

35 is 2 times that of the pixel data before the resolution 
conversion. Two high-resolution pixel data obtained by 
decomposing 1 pixel into 2 pixels are read from the 
buffer memory 90 and the recording is carried out by a 
time-divisional light emission control of a first scan line 

40 and a second scan line. 

The conversion to the high-resolution pixel data 
carried out in the resolution converting part 88 and the 
recording of the high-resolution pixel data carried out by 
the engine part 60 will be described later in the specifi- 
cs cation in more detail. 

FIG.8 is a functional block diagram for explaining 
processing functions of the first embodiment of the 
image forming apparatus realized by the hardware 
structure shown in FIG.5. in FIG.8, this embodiment of 

so the image forming apparatus basically comprises the 
two functions of the positional error detecting part 1 1 6 
and the positional error correcting part 124.. The func- 
tion of the positional error detecting part 1 16 is realized 
by the sensor process MPU 66 provided within the 

55 engine part 60 shown in FIG.5. The function of the posi- 
tional error correcting part 124 is realized by the control- 
ler MPU 72 provided within the controller part 62 shown 
in FIG.5. 
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The detection signals from the sensors 30-1 and 
30-2 provided below the endless belt 12 of the engine 
part 60 shown in FIG.5 are supplied to the positional 
error detecting part 116. The positional error detecting 
part 1 1 6 includes a resist pattern write part 1 1 8, a posi- 5 
tional error computing part 120, and a position error 
information storing part 122. The resist pattern write 
part 1 18 controls the LED arrays 36-1 through 36-4 via 
the LED driving part 130 when detecting the positional 
error, so as to write resist patterns 150 that are used to w 
detect the positional error on the endless belt 1 2. 

The resist pattern 150 that is used to detect the 
positional error is transferred onto the endless belt 12 at 
two locations, namely, at the starting end and the termi- 
nating end of the scan range of the endless belt 12 in 15 
the main scan direction which is perpendicular to the 
transport direction of the document paper. The two 
resist patterns 150 transferred onto the endless belt 12 
at the two locations are respectively detected by the 
sensors 30-1 and 30-2. When carrying out the posi- 20 
tional error detection in this embodiment, the image 
printed in black which has the highest contrast among 
the four colors yellow, magenta, cyan and black is used 
as the reference image, and the positional errors of the 
images printed in yellow, magenta and cyan are 25 
detected with respect to the reference image printed in 
black. 

More particularly, the resist pattern write part 1 1 8 
stores print information of the resist mark 150 having a 
pattern which will be described later in the specification. 30 
By using the resist mark print information, one or a plu- 
rality of resist marks 150 are transferred onto the end- 
less belt 12 by driving for example the yellow, magenta, 
cyan and black LED arrays 36-1 through 36-4 in parallel 

The resist mark print information may be stored in 35 
the resist pattern write part 1 18 in the form of a bit map 
pattern. However, it is desirable to store the resist mark 
print information in the resist pattern write part 118 in 
the form of vector information, and to record the resist 
mark 150 by developing the vector information into bit 40 
map data in the LED driving part 130. Based on the 
detection information related to the resist marks 150 of 
the four colors yellow, magenta, cyan and black 
detected by the sensors 30-1 and 30-2, the positional 
error computing part 118 computes the positional error 45 
information of the resist marks 150 of the colors yellow, 
magenta and cyan with reference to the resist mark 150 
of the color black having the highest contrast among the 
four colors. 

The positional error information computed in the so 
positional error computing part 120 includes the error 
quantity Ax in the main scan direction of the image at 
the starting end position of the scan line in the main 
scan direction with reference to the scan line in the main 
scan direction of the color black, the error quantity Ay in 55 
the sub scan direction at the starting end position, the 
deviation quantity (skew quantity) Az in the sub scan 
direction indicating the inclination (slope) at the terminal 



end position of the scan line, and the magnification Km 
(=L/L0) of the detected width L of the subject scan line 
with respect to the reference width L0 of the scan line of 
the color black in the main scan direction. 

The positional error information computed in the 
positional error computing part 120 is stored in the posi- 
tional error storing part 122. Since the positional error 
information stored in the positional error storing part 
122 uses the printed position in the color black as the 
reference, the positional error information for the color 
black is all "0". Accordingly, the positional error informa- 
tion is not necessary for the color black, and the posi- 
tional error information is only stored in the positional 
error storing part 122 for the remaining three colors yel- 
low, magenta and cyan. 

The positional error correcting part 124 includes a 
positional error correcting information storing part 126 
and an address converting part 128. The positional 
error correcting information storing part 126 stores posi- 
tional error correcting information based on the posi- 
tional error information of the colors yellow, magenta 
and cyan detected by the positional error detecting part 
116 and stored in the positional error storing part 122. 

The address converting part 128 carries out an 
address conversion for making a positional error correc- 
tion when developing the pixel data in the image memo- 
ries 82-1 through 82-4 based on the positional error 
correcting information stored in the positional error cor- 
recting information storing part 126. In the case of the 
controller part 62 shown in FIG.5, the function of this 
address converting part 128 is realized by providing the 
address converting part 86 exclusively for the address 
conversion. 

The address conversion for making the positional 
error correction in the address converting part 128 is 
unnecessary when developing the pixel data in the K 
image memory 82-4. Hence, the address converting 
part 128 carries out the address conversion for making 
the positional error correction when developing the pixel 
data in the remaining Y, M and C image memories 82-1 , 
82-2 and 82-3. 

In addition, the address conversion carried out in 
the address converting part 128 for making the posi- 
tional error correction is not carried out with respect to 
all of the positional error information detected in the 
positional error detecting part 116, but only with respect 
to the positional error information having a value which 
exceeds a predetermined threshold value. Since the 
pixel pitch is approximately 42 ^tm when the resolution 
is 600 dpi, for example, the address conversion for mak- 
ing the positional error correction is only carried out with 
respect to the positional error information indicating a 
positional error of 42 \xm or greater, 

Furthermore, when reading from the Y, M, C and K 
image memories 82-1, 82-2, 82-3 and 83-4 the pixel 
data which is corrected of the positional error and driv- 
ing the Y, M, C and K LED arrays 36-1, 36-2, 36-3 and 
36-4 by the LED driving part 130, the positional error 
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correcting part 1 24 also controls a resolution conversion 
process of resolution converting parts 88-1 through 88- 
4 which are provided at an intermediate position in the 
data transfer path. This resolution conversion process 
decomposes 1 pixel in the sub scan direction y into two 
high-resolution pixel data, and generates a gradation 
value of each of the high-resolution pixel data. 

In the functional block diagram shown in FIG.8, the 
resolution converting parts 88-1 through 88-4 are illus- 
trated as being provided independently of the positional 
error correcting part 124, however, the resolution con- 
verting parts 88-1 through 88-4 may of course be 
included in the positional error correcting part 124. But 
in the actual structure of the image forming apparatus, it 
is desirable to provide a circuit module which functions 
exclusively as the resolution converting parts 88-1 
through 88-4. 

FIG. 9 is a flow chart for explaining a general print 
process of the first embodiment of the image forming 
apparatus provided with the functions shown in FIG.8. 
First, when the power of the image forming apparatus is 
turned ON, a step S1 carries out a predetermined initial- 
izing process, and a positional error detecting process 
of a step S2 is included in this initializing process. When 
the positional error detecting process of the step S2 
ends, a step S3 decides whether or not a print request 
is received from the host unit such as the personal com- 
puter 92. 

If the decision result in the step S3 becomes YES, 
the process advances to a step S4 When developing 
the image data transferred from the personal computer 
92 in the image memories 82-1 through 82-4, the step 
S4 carries out a positional error correcting process. This 
positional error correcting process of the step S4 
includes the positional error correction carried out by 
the address converting part 128 shown in FIG.8 and the 
resolution conversion process carried out by the resolu- 
tion converting parts 88-1 through 88-4 shown in FIG.8. 

Next, a step S5 waits for print preparations to be 
completed in the engine part 60 by deciding whether or 
not the print preparations are completed. If the decision 
result in the step S5 becomes YES, a step S6 carries 
out a print process* During this print process, a step S7 
decides whether or not an instruction to carry out a color 
shift adjusting process is received. If the decision result 
in the step S7 is YES, the process returns to the step S2 
so as to again carry out a positional error detecting 
process similar to that at the time when the power is 
turned ON. On the other hand, if the decision result in 
the step S7 is NO, a step S8 decides whether or not a 
stop instruction is received, and the process ends if the 
decision result in the step S8 is YES. The process 
returns to the step S3 if the decision result in the step 
S8 is NO. 

The color shift adjusting instruction may be input 
manually by the operator or input from the host unit 
such as the personal computer 92 as a command. Fur- 
ther, due to the mechanical factors of the electrostatic 



recording units 24-1 through 24-4 provided in the 
engine part 60, the positional error may change 
depending on an environmental temperature within the 
image forming apparatus. For this reason, it is possible 

5 to monitor the lapsed time from a time when the power 
is turned ON, and to automatically carry out the posi- 
tional error detecting process of the step S2 every time 
a predetermined time set in a time schedule elapses. In 
this case, the time schedule may be set in advance so 

10 that the positional error detecting process is carried out 
at short time intervals immediately after the power is 
turned ON since the temperature change within the 
image forming apparatus is large immediately after the 
power is turned ON, and the positional error detecting 

75 process is carried out at longer time intervals as time 
elapsed from the time when the power is turned ON 
increases. 

1-3. Positional Error Detection: 

20 

FIG. 10 is a diagram for explaining the operating 
principle of the positional error detection carried out in 
the positional error detecting part 116 shown in FIG.8 
with respect to the yellow, magenta and cyan images 

25 with reference to the black image which has the highest 
contrast among the four colors used. 

In FIG. 10, a black print line having an A4T paper 
width 134 in a direction perpendicular to the paper 
transport direction is indicated as a reference print line 

30 132. With respect to this reference print line 132, a sub- 
ject print line 140 which is printed has a positional error 
with respect to an ideal print line 148 due to the 
mechanical positional error and the iike of the electro- 
static recording unit which prints this subject prini line 

35 1 40 with respect to the K electrostatic recording unit 24- 
4. 

The positional error of the subject print line 140 with 
respect to the ideal print line 1 48 may be defined by 
three elements which are the positional error quantity 

40 Ax in the main scan direction of a starting end (point) 
142, the positional error quantity Ay in the sub scan 
direction of the starting end 142, and the deviation 
quantity (skew quantity) Az in the sub scan direction 
indicating the inclination (slope) of the line defined by 

45 the error quantity of a terminating end (point) 144. 

The ideal print line 148 is parallel to the reference 
black print line 132 and matches the paper width 134. 
Accordingly, the positional error quantity Ax in the main 
scan direction, the positional error quantity Ay in the sub 

so scan direction and the deviation quantity Az with respect 
to the ideal print line 148 indicate the positional error 
quantity with respect to the reference black print line 
132. 

Furthermore, in this embodiment, the magnification 
55 Km of the line width of the subject print line 140 with 
respect to the paper width 1 34 of the reference black 
print line 132 is also detected as an element of the posi- 
tional error quantity. 
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The positional error information shown in FIG. 10 is 
obtained by transferring the resist mark 150 at two loca- 
tions at the starting end position and the terminating 
end position of the endless belt 12 along the main scan 
direction as shown in FIG. .11, and detecting the resist 
marks 150 by the sensors 30-1 and 30-2, 

in FIG.11, a black resist mark 150K, a cyan resist 
mark 150C, a magenta resist mark 150M and a yellow 
resist mark 150Y are successively transferred onto the 
endless belt 12 at predetermined intervals from the 
upstream side along the paper transport direction, on 
both the starting and terminating end positions. 

As shown in FIG, 12, each of the resist marks 150K, 
150C, 150M and 150Y, that is, the resist mark 150, is 
made up of a first straight line 154 in the main scan 
direction, and a second straight line 1 56 arranged at a 
predetermined inclination angie 6 to the first straight line 
154. In other words, the second straight line 156 is 
inclined with respect to both the main and sub scan 
directions, in addition, although one end of the first 
straight line 154 connects to one end of the second 
straight line 156 in FIG. 12, the ends of the first and sec- 
ond straight lines 154 and 156 may be slightly sepa- 
rated from each other. 

The first and second straight lines 154 and 156 of 
the resist mark 1 50 may have any size as long as these 
first and second straight lines 154 and 156 are readable 
by the sensor 30 shown in FIG.6. For example, in 
FIG. 12, the intersecting angle 0 of the first and second 
straight lines 154 and 156 is set to satisfy the following 
relationship, where v denotes a transport speed 
(mm/sec) of the endless belt 12, S denotes a detection 
accuracy (am) of the sensor 30, and T denotes a sam- 
pling period (sec) of the detection signal of the sensor 
30, 

tanO < (v • T/S) 

FIG. 13 is a diagram for explaining another method 
of determining the first and second straight lines 154 
and 156 of the resist mark 150 which is used to detect 
the positional error in this embodiment In this case, the 
intersecting angle 0 of the first and second straight lines 
1 54 and 1 56 is set to satisfy the following relationship, 
where v denotes a transport speed (mm/sec) of the 
endless belt 1 2, W denotes a tolerable error width (mm) 
of the first straight line 156 in the main scan direction, 
and t denotes a tolerable time (sec) of the printing of 
one resist mark 150 in the sub scan direction. 

tane < (v • t/W) 

Instead of using the resist mark 150 which is open 
towards the right bottom as shown in FIG.1 1 , it is possi- 
ble to use a resist mark 158 shown in FIG.14A which is 
open towards the left bottom or, to use a resist mark 1 60 
shown in FIG.1 4B which is open towards the right top, 
for the purpose of detecting the positional error. 



When actually detecting the positional error, a plu- 
rality of black resist marks 150K, a plurality of cyan 
resist marks 150C, a plurality of magenta resist marks 
150M and a plurality of yellow resist marks 150Y are 

5 respectively transferred consecutively onto the endless 
belt 12 as shown in FIG. 15. The positional errors of the 
cyan, magenta and yellow resist marks 150C, 150M and 
150Y with respect to each of the black resist marks 
150K are computed, and the computed positional errors 

io are averaged for each of the colors cyan, magenta and 
yellow. By using the averaged positional errors, it is pos- 
sible to suppress detection errors caused by inconsist- 
encies, noise and the like which are introduced when 
transferring the resist marks 150K, 150C, 150M and 

75 1 50Y onto the endless belt 12, 

FIGS. 16(A) through 16(C) are time charts for 
explaining the positional error detection based on 
detection pulses which are obtained from the lower sen- 
sor 30-1, for example, when the resist marks 150K, 

20 150C, 150M and 1 SOY shown in FIG.11 are read by this 
sensor 30-1. 

FIG. 16(A) shows the detection pulses which are 
obtained from the sensor 30-1 shown in FIG.11 when 
the resist marks 150K, 150C, 150M and 150Y are sue- 

25 cessively read by the sensor 30-1 in a case where no 
positional error exists. In FIG.1 6(A), detection pulses 

170, 172, .... 184 are obtained at times tk1. tk2 ty2 

when a detecting scan line 152-1 of the sensor 30-1 
intersects the resist marks 1 50K, 1 50C, 1 50M and 1 SOY 

so at mark detection points in FIG.1 1 . In FIG,1 1 , a detect- 
ing scan line of the sensor 30-2 is denoted by a refer- 
ence numeral 152-2. 

In this case, since the cyan, magenta and yellow 
resist marks 150C, 150M and 150Y have no positional 

35 error with respect to the black resist mark 150K, the 
times from the detection pulses 1 70 and 1 72 of the ref- 
erence black resist mark 150K to the detection pulses 
174, 176, 184 of the other resist marks 150C, 150M 
and 150Y are respectively equal to prescribed refer- 

40 ence times TH1 , TH2, .... TH6. 

For example, a time from the detection time tk1 of 
the detection pulse 170 of the first straight line in the 
main scan direction of the first black resist mark 1 50 K to 
the detection time tc1 of the detection pulse 174 of the 

45 first straight line in the main scan direction of the first 
cyan resist mark 150C is equal to the reference time 
TH1 which is determined by a difference (td-tk1) 
between the detection times tc1 and tk1. Similarly, a 
time from the detection time tk2 of the detection pulse 

so 1 72 of the second straight line in the oblique direction of 
the first black resist mark 1 50K to the detection time tc2 
of the detection pulse 1 76 of the second straight line in 
the oblique direction of the first cyan resist mark 1 50C is 
equal to the reference time TH2 which is determined by 

55 a difference (tc2-tk2) between the detection times tc2 
and tk2, because no positional error exists. 

FIG. 16(B) shows the detection pulses in a case 
where the cyan resist mark 150C shown in FIG.11 is 
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shifted in the sub scan direction as shown in FIG.17. In 
FIG.17, a transferred resist mark 162C is shifted in the 
sub scan direction with respect to a correct position of 
the cyan resist mark 1 50C indicated by a broken line. 

For this reason, the detection pulses 174 and 176 s 
corresponding to the detection points of the cyan resist 
mark 150C on the detecting scan line 152-1 shift to 
positions of detection pulses 186 and 188 correspond- 
ing to the shifted detection points. As a result, the detec- 
tion pulses 186 and 188 indicated by solid lines in 10 
FIG/1 6(B) are obtained earlier than the detection pulses 
174 and 176 which are indicated by broken lines and 
are obtained when no positional error exists. 

Accordingly, a time difference AT1 can be obtained 
by obtaining a difference (Tc1-Tk1) of *n elapsed time is 
T1 of the cyan detection pulse 186 c<: ?ne first straight 
line with respect to the reference black detection pulse 
170 of the first straight line, and subtracting this elapsed 
time T1 from the reference time TH1 . If the transport 
speed of the endless belt 12 is denoted by v (mm/sec), 20 
it is possible to obtain the error quantity Ay in the sub 
scan direction by multiplying the belt transport speed v 
(moving speed of the recording paper) to the time differ- 
ence AT1 . 

FIG. 16(C) shows a case where a resist mark 164C 25 
shifts to the right in the main scan direction with respect 
to the resist mark 150C which has no positional error as 
indicated by a broken line in FIG.18. When the resist 
mark 1 64C shifts to the right in the main scan direction, 
the timings of the detection pulses 174 and 190 at the so 
intersection points of the detecting scan line 152-1 and 
the first straight line of the resist mark 164C do no 
change, but the timing of a detection pulse 192 at the 
intersection point of the detecting scan line 152-1 and 
the second straight line of the resist mark 164C 35 
becomes earlier than that of the detection pulse 1 76 as 
shown in FIG.18. 

Hence, as shown in FIG. 16(C), a time difference 
AT2 can be obtained by obtaining a difference (Tc2- 
Tk2) of an elapsed time T2 of the cyan detection pulse 40 
192 of the second straight line with respect to the refer^ 
ence black detection pulse 1 72 of the second straight 
line, and subtracting this elapsed time T2 from the refer- 
ence time TH2„ If the transport speed of the endless belt 
12 is denoted by v (mm/sec), it is possible to obtain the 45 
error quantity Ax in the main scan direction by multiply- 
ing the belt transport speed v (moving speed of the 
recording paper) to the time difference AT2. 

In addition, if the positional error of the cyan resist 
mark 1 50C occurs in both the main and sub scan direc- so 
tions, the first straight line of the cyan resist mark 1 50C 
is only affected by the shift in the sub scan direction. On 
the other hand, the second straight line of the cyan 
resist mark 150C is affected by both the shift in the main 
scan direction and the shift in the sub scan direction, ss 
For this reason, in order to detect the positional error in 
the main scan direction shown in FIG. 18, the first 
straight line is first used to obtain the difference (Tc1- 



Tk1) of the elapsed time T1 of the cyan detection pulse 
186 with respect to the reference black detection pulse 
1 70 as described above in conjunction with FIG. 1 7, and 
this elapsed time T1 is subtracted from the reference 
time TH1 to obtain the time difference AT1. Then, the 
error quantity of the first straight line of the cyan resist 
mark 1 50C in the sub scan direction with respect to the 
first straight line of the black resist mark 150K is 
obtained by multiplying the belt transport speed v to the 
time difference AT1 . 

Further, in order to obtain the positional error of the 
second straight line shown in FIG.18, the time differ- 
ence AT2 is obtained by obtaining the difference (Tc2- 
Tk2) of the elapsed time T2 of the cyan detection pulse 
192 of the second straight line with respect to the refer- 
ence black detection pulse 172 of the second straight 
line, and subtracting this elapsed time T2 from the refer- 
ence time TH2. It is possible to obtain the error quantity 
in the main scan direction of the second straight line of 
the cyan resist mark 150C with respect to the second 
straight line of the black resist mark 150K by multiplying 
the belt transport speed v to the time difference AT2. 

The error quantity in the sub scan direction of the 
second straight line of the cyan resist mark 150C with 
respect to the second straight line of the black resist 
mark 1 50K can be obtained by subtracting the above 
error quantity of the first straight line from the above 
error quantity of the second straight line. 

The error quantities of the cyan, magenta and yel- 
low resist marks 150C, 150M and 150Y in the main and 
sub scan directions with reference to the black resist 
mark 150K are thus detected based on the detection of 
the cyan, magenta and yellow resist marks 150C, 150M 
and 150Y, with respect to the cyan, magenta and yellow 
resist marks 150C, 150M and 150Y located at the start- 
ing and terminal end positions of the endless belt 12 in 
the main scan direction. Consequently, it is possible to 
obtain error quantities (Ax1 , Ay1) of the print line 150 at 
the starting end 142 shown in FIG. 10 in the main and 
sub scan directions, and error quantities (Ax2, Ay2) of 
the print line 150 at the terminating end 144 in the main 
and sub scan directions. 

For example, the error quantities (Ax1, Ay1) at the 
starting end 142 are regarded as the error quantity Ax in 
the main scan direction and the error quantity Ay in the 
sub scan direction, and the error quantity Ax2 in the 
main direction at the terminating end 144 is regarded as 
the deviation quantity (skew quantity) Az which indi- 
cates the inclination (slope) of the subject print line 140. 

Moreover, in this embodiment, the magnification 
Km of the line width of the subject print line 1 40 and the 
reference black print line 132 shown in FIG. 10 is 
detected as one of the positional error information. 

FIG. 19 is a diagram for explaining a case where a 
line width Lc which is determined by the cyan resist 
mark 1 50C, for example, is short compared to a refer- 
ence line width Lk which is determined by the black 
resist mark 150K. For example, with respect to the cor- 
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rect line width of the cyan resist mark 150C, an actual 
cyan resist mark 160C may shift to the left as shown in 
FIG.19. In this case, the cyan line width Lc is AL shorter 
than the reference black line width Lk. 

When carrying out the actual printing, the number 
of pixels recorded in the main scan direction is the same 
for the reference black line width Lk and the cyan line 
width Lc. Hence, it may be seen that the cyan pixel pitch 
of the main scan line in this case is compressed with 
respect to the black pixel pitch of the main scan line. 

On the other hand, FIG.20 is a diagram for explain- 
ing a case where the line width Lc which is determined 
by the cyan resist mark 150C, for example, is long com- 
pared to the reference black line width Lk which is deter- 
mined by the black resist mark 150K. For example, with 
respect to the correct line width of the cyan resist mark 
150C, an actual cyan resist mark 166C may shift to the 
right as shown in FiG.20. In this case, the cyan line 
width Lc is AL longer than the reference black line width 
Lk. Thus, it may be seen that the cyan pixel pitch of the 
main scan line in this case is expanded with respect to 
the black pixel pitch of the main scan line. 

Therefore, the positional error is obtained by trans- 
ferring the resist marks 1 50 onto the endless belt 1 2 and 
detecting the resist marks 150 as described above. In 
addition, the positional error detection information is 
stored in the positional error information storing part 
1 22 provided within the positional error detecting part 
116 shown in FIG.8. More particularly, the positional 
error quantity Ax in the main scan direction, the posi- 
tional error quantity Ay in the sub scan direction, the 
deviation quantity (skew quantity) Az in the sub scan 
direction, and the line width magnification Km in the 
main scan direction are stored as the positional error 
detection information for each of the colors cyan, 
magenta and yellow, into corresponding cyan, magenta 
and yellow tables 122C, 122M and 1 22Y within the posi- 
tional error information storing part 122 shown in 
F1G.21. 

When the positional error detection information 
described above is obtained, the positional error cor- 
recting information is created in the positional error cor- 
recting part 124 shown in FIG.8. Basically, the positional 
error is corrected by writing of the image data into the 
image memories 82-1 through 82-4 while making the 
address conversion in the address converting part 128 
for carrying out the positional error correction, and it is 
possible to obtain a print result having positions of the 
cyan, magenta and yellow images matched to the posi- 
tion of the black image which is used as the reference. 

F1GS..22A through 22D are diagrams for explaining 
the operating principle of a pixel data correcting process 
based on a positional error detection information 
obtained in this embodiment. 

The positional error detection information related to 
the subject print line 140 shown in F1G.10 based on the 
resist mark 150 is converted into a positional error in a 
bit map memory space 174 shown in F1G.22A which is 



partitioned at a pitch of 1 pixel in the main scan direction 
x and the sub scan direction y. In the bit map memory 
space 174 shown in F1G.22A, the subject print line 140 
is set with respect to the ideal print line 148 which is 
5 determined in advance by the actual transfer of the sub- 
ject print line 140. 

In other words, the subject print line 140 can be set 
in the bit map memory space 174 by use of the posi- 
tional error quantity Ax in the main direction, the posi- 
10 tional error quantity Ay in the sub scan direction, and the 
deviation quantity (skew quantity) Az in the sub scan 
direction. When this subject print line 140 is converted 
into pixel data, positional error data 1 76-1 through 1 76- 
3 shown in FIG.22B are generated. 
is The positional error data shown in FIG„22B are 
converted into correcting data shown in FIG.22C. More 
particularly, the positional error data shown in FIG.22B, 
that is, the subject print line 140 shown in FIG.22A, is 
reversed towards the negative side in a line symmetrical 
20 manner with respect to the ideal print line 148, and 
shifted by the positional error quantity Ax in the main 
scan direction towards the negative side (left side) along 
the main scan direction, so as to obtain a curve. This 
curve is converted into correcting data 178-1 through 
25 1 78-3 in the bit map memory space 174. 

When the correcting data shown in FIG..22C are 
read to thereby control the light emission of the LED 
arrays 36-1 through 36-4, the positional error shown in 
FIG.22B is corrected and a print result 180 correspond- 
30 ing to the ideal print line 148 shown in FIG.22A is 
obtained as shown in FIG 22D. 

In order to simplify the description related to the 
relationship of the subject print line, the positional error 
data, the correcting data and the print result shown in 
35 FIGS.22A through 22D, it is assumed for the sake of 
convenience that the resolution of the image memories 
82-1 through 82-4 and the resolution of the LED arrays 
36-1 through 36-4 are the same. In the positional error 
correction of this embodiment, the resolution in the bit 
40 map memory space 174 shown in RGS.22A through 
22D is improved by decomposing 1 pixel into 2 pixels in 
the sub scan direction y. By improving the resolution in 
the sub scan direction y, it is possible to smoothen the 
irregularities of the pixels of the print result 1 80 shown in 
45 FIG-20D in the sub scan direction when the printing is 
carried out using the correcting data shown in FIG.22C. 

FIG.23 is a diagram for explaining cyan, magenta 
and yellow positional error correction tables 126C, 
126M and 126Y which are generated from the correct- 
so ing data shown in FIG.22C. Contents of these positional 
error correction tables 126C, 126M and 126Y are stored 
in the positional error correcting information storing part 
126 which is provided within the positional error correct- 
ing part 124 shown in FIG.8. 
55 FIG.24 is a flow chart for explaining the positional 
error detection process of the positional error detecting 
part 116 shown in FIG.8 in this embodiment. First, a 
step S11 transfers the resist mark 150 at two positions, 
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namely, the starting and terminating ends on the end- 
less belt 12, for each of the four colors black, cyan, 
magenta and yellow as shown In FIG.15, for example 
Then, a step S12 detects the resist marks 150 by the 
pair of sensors 30-1 and 30-2, and latches the detection 5 
times of a horizontal line component and an oblique line 
component of the resist marks 150. The horizontal line 
component is the first straight line component of the 
resist mark 1 50, and the oblique line component is the 
second straight line of the resist mark 150. 10 

A step Si 3 detects a time difference T between the 
detection time of the first straight line of the reference 
black resist mark 150K in the main scan direction and 
the detection time of each of the yellow, magenta and 
cyan resist marks 150Y, 150M and 150C, based on the 15 
latched detection times. A step S14 detects error quan- 
tities Ay1 and Ay2 in the sub scan direction at the start- 
ing and terminating ends of the endless belt 12. In the 
case where a plurality of resist marks 1 50 are succes- 
sively transferred onto the endless belt 12 for each of 20 
the four colors black, cyan, magenta and yellow as 
shown in FIG.15, the steps S13 and S14 detect the 
error quantities from average values of detected results 
obtained for the resist marks 150 of each of the four 
colors. 25 

Next, a step S15 detects a time difference T 
between the detection time of the second straight line of 
the reference black resist mark 150K in the oblique 
direction and the detection time of each of the yellow, 
magenta and cyan resist marks 150Y, 150M and 150C, so 
based on the latched detection times. A step S16 
detects error quantities Ax1 and Ax2 in the main scan 
direction at the starting and terminating ends of the end- 
less belt 12. In the case where a plurality of resist marks 
150 are successively transferred onto the endless belt 35 
12 for each of the four colors black, cyan, magenta and 
yellow as shown in FIG.15, the steps S15 and S16 
detect the error quantities from average values of 
detected results obtained for the resist marks 150 of 
each of the four colors. 40 

Next, a step S1 7 detects the deviation quantity Az in 
the sub scan direction, and detects the line width L in 
the main scan direction. As a result, the cyan, magenta 
and yellow tables 122C, 122M and 122Y of the posi- 
tional error detection information are created as shown 45 
in FIG. 21. Finally, a step S18 sets the detected subject 
line in the bit map memory space 174 as shown in 
FIGS.22A through 22D. in other words, the step S18 
creates correcting information for each pixel position in 
the main scan direction of the cyan, magenta and yellow 50 
image data by linear interpolation, that is, creates offset 
values in the sub scan direction, so as to obtain the 
cyan, magenta and yellow positional error correction 
tables 126C, 126M and 126Y shown in FIG.23. 

In the positional error detecting process shown in 55 
FIG.24, the step S18 creates the positional error cor- 
recting information shown in FIG.23, for example. This 
positional error correcting information may be created 
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by the positional error correcting part 124 shown in 
FIG.8 or, by the positional error detecting part 116 
shown in FIG.8. 

1-4. Positional Error Correction: 

FIG.25 is a diagram for explaining an arrangement 
of the LED array 36 with respect to the photoconductive 
drum 32 of the electrostatic recording unit 24 shown in 
FiG.3. The LED array 36 includes a plurality of light 
emitting elements, namely, a plurality of LED chips 1 82- 
1, 182-2, .... 182-n arranged in the main scan direction 
which is perpendicular to a rotating direction of the pho- 
toconductive drum 32. In the case where the resolution 
in the main scan direction is 600 dpi, for example, the 
LED chips 182-1 through 182-n are arranged at a pitch 
of approximately 42 prn. 

FIG.26 is a system block diagram showing the LED 
driving part 130 with respect to the LED array 36 shown 
in FIG.25. The high-resolution pixel data generated by 
the buffer memory 90 provided within the resolution 
converting part 88 shown in FlG>7 are supplied to the 
LED driving part 130. The conversion process of the 
high-resolution pixel data with respect to the buffer 
memory 90 becomes as shown in FIGS 27A and 27B. 

FIG.27A shows a part of a memory region of the 
image memory 82. In FIG..27A, the pixel data are devel- 
oped for each 1 pixel region 192 in the main scan direc- 
tion x, and are also developed for each 1 pixel region 
1 94 in the sub scan direction y. For example, the resolu- 
tion in the main scan direction x is 600 dpi, and the res- 
olution in the sub scan direction y is also 600 dpi. 

The buffer memory 90 provided in the resolution 
converting part 88 converts such pixel data stored in the 
image memory 82 into the high-resolution pixel data as 
shown in FIG.27B. A memory space of the buffer mem- 
ory 90 shown in FIG.27B is the same as the image 
memory 82 shown in FIG.27A with respect to the main 
scan direction x, and 1 pixel data is stored in 1 pixel 
region 194 in the buffer memory 90 to realize a resolu- 
tion of 600 dpi in the main scan direction. 

On the other hand, with respect to the sub scan 
direction y, 1 pixel region 194 is divided into two regions, 
namely, a first scan data region 196 and a second scan 
data region 198, and 1 pixel data read from the image 
memory 82 shown in FIG.27A is decomposed into the 
high-resolution pixel data and stored in the buffer mem- 
ory 90. For this reason, the resolution in the sub scan 
direction y is 1200 dpi which is two times the resolution 
(600 dpi) of the image memory 82. Of course, the reso- 
lution of the buffer memory 90 in the sub scan direction 
y may be an integral multiple of the resolution of the 
image memory 82, and may be 1800 dpi, for example, 
which is three times the resolution of the image memory 
82. 

Returning now to the description of FIG>26, the 
high-resolution pixel data shown in FIG.27B are devel- 
oped in the buffer memory 90. The pixel data amounting 
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to 1 line in the main scan direction x of the first scan 
data region 196, and the pixel data amounting to 1 line 
in the main scan direction x of the second scan data 
region 198 are successively read from the buffer mem- 
ory 90 and supplied to the LED driving part 130 as first 5 
scan data and second scan data. 

The LED driving part 130 includes a first register 
220, a second register 222, a selector 224, and a LED 
light emission driving circuit 226 which are connected 
as shown in FIG.26. The first scan data and the second 10 
scan data which are generated by decomposing 1 pixel 
from the buffer memory 90 in the sub scan direction y 
are successively stored in the first register 220 and the 
second register 222 in synchronism with the movement 
of 1/2 pixel pitch on the rotary recording surface of the 15 
photoconductive drum 32 shown in FIG..25. 

At a timing after the first scan data and the second 
scan data are respectively stored in the first register 220 
and the second register 222, the selector 224 first selec- 
tively outputs the data from the first register 220 and 20 
supplies the data to the LED light emission driving cir- 
cuit 226, so as to drive the LED array 36 in a first scan 
of the write process. 

Then, at a timing after the photoconductive drum 32 
moves by 1/2 pixel pitch on the rotary recording surface 25 
thereof, the selector 224 selectively outputs the data 
from the second register 222 and supplies the data to 
the LED light emission driving circuit 226, so as to drive 
the LED array 26 in a second scan of the write process, 

FIGS.28A and 28B respectively are diagrams for 30 
explaining a time division write scan by the LED driving 
part 130 shown in FIG.26 using the high-resolution pixel 
data shown in FIGS.27A and 27B. FIG.28A shows the 
write process of the first scan. In this case, the LED 
array 36 generates a first scan light emission pattern 35 
206 by the light emission drive based on the first scan 
data, and forms a latent write region on the photocon- 
ductive drum 32 as indicated by a first scan print region 
202. 

Next, at a timing after the photoconductive drum 32 40 
moves by 1/2 pixel pitch on the rotary recording surface 
thereof, the write process of the second scan shown in 
FIG.28B is carried out. In this case, the LED array 36 
generates a second scan light emission pattern 208 by 
the light emission drive based on the second scan data, 45 
and forms a latent write region on the photoconductive 
drum 32 immediately next to the first scan print region 
202 which is already written, as indicated by a second 
scan print region 204. By such a write process which is 
carried out in time division by the first scan and the sec- so 
ond scan of the LED array 36, 1 pixel print region 200 
having a width of 1 pixel pitch is formed on the photo- 
conductive drum 32. 

According to the positional error correction of this 
embodiment, the positional error correction is carried 55 
out at the same time as when the pixel data are devel- 
oped in the buffer memory 90 and converted into the 
high-resolution pixel data as shown in F1G.27B. 



FIGS,29A through 29D respectively are diagrams for 
explaining the positional error correction which is car- 
ried out simultaneously as the conversion of the pixel 
data into the high-resolution pixel data. This positional 
error correction also carries out a process of generating 
gradation values with respect to the high-resolution 
pixel data which are obtained by the conversion. 

FIG.29A shows the gradation value of the print data 
with respect to a first dot to a twenty-first dot in the main 
scan direction x, where a gradation value D has a max- 
imum of 8 gradation levels, for example. F!G,29B shows 
the print data before the positional error correction is 
carried out, in a state where the high-resolution pixel 
data are developed in the memory space of the buffer 
memory 90 shown in FIG.26. In order to print a scan line 
having a width of 1 pixel in the main scan direction x, the 
pixel data from the image memory 82 are decomposed 
into two and stored in the first scan data region 1 96 and 
the second scan data region 1 98 as the high-resolution 
pixel data. 

When the above described print data before the 
positional error correction is carried out are supplied to 
the LED driving part 130 shown in FIG.26 and printed, a 
print result shown in FIG.29C is obtained. It may be 
seen from this print result, a print error is generated in 
an oblique direction towards the top right. The print error 
of the print result shown in FIG.29C is detected by the 
positional error detecting part 1 16 shown in FIG 8 which 
obtains the positional error detection information shown 
in FIG.21 including the positional error quantity Ax in the 
main scan direction, the positional error quantity Ay in 
the sub scan direction, the deviation quantity (skew 
quantity) Az in the sub scan direction, and the magnifi- 
cation Km of the line width in the main scan direction. In 
addition, the correcting values of the cyan, magenta and 
yellow positional error correction tables 126C, 126M 
and 126Y shown in FIG.23 are obtained based on the 
positional error detection information. 

F1G.29D shows the corrected print data which are 
obtained after the positional error is corrected in order to 
correct the positional error of the print result shown in 
FIG.29G. With respect to the corrected print data shown 
in FIG.29D, the high-resolution pixel data are accommo- 
dated within 1 pixel regions 194-1, 194-2 and 194-3 for 
regions 216-1, 216-2 and 216-3 in the main scan direc- 
tion x. On the other hand, the high-resolution pixel data 
which are decomposed into two exist at boundaries of 
the 1 pixel regions 194-1, 194-2, 194-3 and 194-4 for 
regions 218-1, 218-2 and 218-3 in the main scan direc- 
tion x. 

For this reason, with respect to the high-resolution 
pixel data of the regions 216-1 through 216-3 located at 
the 1 pixel regions 194-1 through 194-3, the gradation 
value D shown in FIG.29A can be used to control the 
light emissions of the first scan and the second scan as 
shown in FIGS.28A and 28B. On the other hand, with 
respect to the high-resolution pixel data in the regions 
218-1 through 218-3 located at the pixel boundaries, the 
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gradation value D shown in FIG.29A cannot be used as 
it is because the write process involves the second scan 
of the leading 1 pixel region and the first scan of the fol- 
lowing 1 pixel region. Hence, the gradation value is 
divided into two as shown in FIG.30 for the regions 21 8- 5 
1 through 218-3 located at the pixel boundaries. 

With respect to gradation data 210 shown in FIG.30 
before the correction, the same gradation value is 
stored for the regions 216-1 through 216-3 where the 
high-resolution pixel data do not exist at the pixel 10 
boundaries, similarly to gradation data 212 of the first 
scan shown on the right side in FIG.30. On the other 
hand, with respect to the regions 218-1 through 218-3 
where the high-resolution pixel data are located at the 
pixel boundaries, the gradation data 210 before the cor- 15 
rection are divided into the gradation data 212 of the 
first scan and gradation data 214 of the second scan, as 
shown on the right side in FIG. 30. 

In other words, if the gradation value of the grada- 
tion data 210 before the correction is denoted by D, the 20 
gradation value of the gradation data 212 of the first 
scan after the correction is denoted by D1, and the gra- 
dation value of the gradation data 214 of the second 
scan after the correction is denoted by D2, the gradation 
value D is divided to satisfy a relation D = D1 + D2 for 25 
the regions 218-1 through 218-3 where the high-resolu- 
tion pixel data are located at the pixel boundaries. For 
example, a gradation value D = 5 at the third dot position 
in the region 218-1 is divided into D1 =3 and D2 = 2. 

FIG.31 is a flow chart for explaining a gradation 30 
dividing process shown in FIG.30, that is, the gradation 
data generating process. First, a step S21 reads the 
gradation value of 1 dot in the main scan direction, and 
a step S22 decides whether or not a boundary pixel in 
the sub scan direction is included. If the decision result 35 
in the step S22 is NO, a step S24 sets the gradation 
value as it is as the gradation data of the first scan, and 
the process advances to a step S25 which will be 
described later. 

On the other hand, if the decision result in the step 40 
S22 is YES, a step S23 divides the gradation value into 
two values and sets the two values as the gradation 
data of the first scan and the second scan, and the proc- 
ess advances to the step S25. The step S25 decides 
whether or not the process described above is carried 45 
out for all lines, and the process returns to the step S21 
if the decision result in the step S25 is NO so as to 
repeat the above described process until all lines are 
processed. The process ends if the decision result in 
the step S25 is YES. so 

FIGS.32(A) through 32(E) respectively are timing 
charts for explaining a light emission control of the LED 
array 36 by the LED driving part 130 shown in FIG. 26 
using the corrected print data shown in FIG.29D after 
the positional error correction and the gradation data 55 
212 of the first scan and the gradation data 214 of the 
second scan which are generated as shown in FIG.30, 

FIG, 32(A) shows the light emission control timing of 



the LED chip 182-1 for the first dot in the main scan 
direction x. If the light emission period of 1 pixel is 
denoted by T, the light emission control of the first scan 
occurs from a time t1 to a time i2 which is a period T/2 
afte ; the time t1, while the light emission control of the 
second scan occurs from the time t2 to a time t2 which 
is a period T/2 after the time t2. 

In this case, since the two high-resolution pixel data 
divided in the sub scan direction y are located in the 1 
pixel region 194-1 as shown in FIG.29D with respect to 
the first dot, the gradation values (Dl, D2) of the first 
scan and the second scan generated as shown in 
FIG.30 are (1 , 0). Hence, the light emission of the lead- 
ing 1 pulse out of the 8 light emission pulse timings set 
in correspondence with the maximum gradation value 8 
is repeated two times in time division during the first 
scan and the second scan respectively having the light 
emission time of T/2, in correspondence with D1 = 1 . 

FIG. 32(B) shows the light emission control timing of 
the LED chip 182-1 for the second dot in the main scan 
direction x„ In this case, since the two high-resolution 
pixel data divided in the sub scan direction y are located 
in the 1 pixel region 194-1 as shown in FIG 29D with 
respect to the second dot, the gradation values (D1 , D2) 
of the first scan and the second scan generated as 
shown in FIG.30 are (3, 0). Hence, the light emission of 
the leading 3 pulses out of the 8 light emission pulse 
timings set in correspondence with the maximum grada- 
tion value 8 is repeated two times in time division during 
the first scan and the second scan respectively having 
the light emission time of T/2, in correspondence with 
D1 =3. 

FIG.32(C) shows the light emission control timing of 
the LED chip 182-1 for the third dot in the main scan 
direction x. In this case, since the two high-resolution 
pixel data divided in the sub scan direction y are located 
at the boundary of the 1 pixel regions 194-1 and 194-2 
as shown in FIG,29D with respect to the third dot, the 
gradation values (D1, D2) of the first scan and the sec- 
ond scan generated as shown in FIG.30 are (3, 2). 

Hence, the light emission of 3 pulses corresponding 
to the gradation value D1 = 3 of the first scan is 
repeated two times from the time t2 which is the period 
T/2 after the time t1. Thereafter, the light emission of 2 
pulses corresponding to the gradation value D2 = 2 of 
the second scan is repeated two times from a time t3 
which is the period T/2 after the time t2. 

Similarly as in the case of the third dot in the main 
scan direction x, the two high-resolution pixel data 
divided in the sub scan direction y are located at the 
boundary of the 1 pixel regions 194-1 and 194-2 as 
shown in FIG.29D with respect to the fourth dot and the 
fifth dot in the main scan direction x Hence, the light 
emissions of the pulses corresponding to the gradation 
value D1 of the first scan and the gradation value D2 of 
the second scan are controlled at timings similar to 
those with respect to the third dot in the main scan 
direction x. 
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FIG„32(D) shows the light emission control timing of 
the LED chip 182-1 for the sixth dot in the main scan 
direction x. In this case, since the two high-resolution 
pixel data divided in the sub scan direction y are located 
at the boundary of the 1 pixel regions 194-1 and 194-2 
as shown in FIG.29D with respect to the sixth dot, the 
gradation values (Dl, D2) of the first scan and the sec- 
ond scan generated as shown in FIG.30 are (4, 3). 
Hence, the light emission of 4 pulses corresponding to 
the gradation value D1 = 4 of the first scan is repeated 
two times from the time t2 which is the period T/2 after 
the time t1. Thereafter, the light emission of 3 pulses 
corresponding to the gradation value D2 = 3 of the sec- 
ond scan is repeated two times from the time t3 which is 
the period T/2 after the time t2. 

FIG.32(E) shows the light emission control timing of 
the LED chip 182-1 for the seventh dot in the main scan 
direction x. In this case, since the two high-resolution 
pixel data divided in the sub scan direction y are located 
in the 1 pixel region 194-2 as shown in FIG.29D with 
respect to the seventh dot, the gradation values (D1, 
D2) of the first scan and the second scan generated as 
shown in FIG.30 are (5, 0). Hence, the light emission of 
the leading 5 pulses out of the 8 light emission pulse 
timings set in correspondence with the maximum grada- 
tion value 8 is repeated two times in time division during 
the first scan and the second scan respectively having 
the light emission time of T/2, in correspondence with 
D1 =5. 

FIG.33 is a flow chart for explaining the light emis- 
sion control of the LED driving part 130 shown in FIG.26 
with the timings shown in FIGS.32(A) through 32(E). 
First, a step S31 reads the pixel data amounting to 1 
pixel in the main scan line, that is, the high-resolution 
pixel data divided into two in the sub scan direction y. A 
step S32 decides whether or not the pixel data is 
located at the pixel boundary. If the decision result in the 
step S32 is NO, a step S34 sets the same number of 
light emission pulses corresponding to the gradation 
value D1 of the first scan into the first register 220 and 
the second register 222. 

On the other hand, if the decision result in the step 
S32 is YES, a step S33 sets a number which is twice the 
number of light emission pulses corresponding to the 
gradation value D1 of the first scan into the second reg- 
ister 222, and sets a number which is twice the number 
of light emission pulses corresponding to the gradation 
value D2 of the second scan into the first register 220. 

Next, a step S35 decides whether or not a synchro- 
nizing pulse associated with the movement by 1/2 pixel 
pitch in the sub scan direction y is received.. If the deci- 
sion result in the step S35 becomes YES, a step S36 
selects the first register 220 by the selector 224, so as 
to control the light emission of the LED array 36 by the 
LED light emission driving circuit 226 and to carry out 
the write process of the first scan. 

Similarly to the step S35, a step S37 decides 
whether or not a synchronizing pulse associated with 



the movement by 1/2 pixel pitch in the sub scan direc- 
tion y is received. If the decision result in the step S37 
becomes YES, a step S38 selects the second register 
222 by the selector 224, so as to control the light emis- 

5 sion of the LED array 36 by the LED light emission driv- 
ing circuit 226 and to carry out the write process of the 
second scan. A step S39 decides whether or not the 
above described process is carried out for all lines, and 
the process returns to the step S31 if the decision result 

10 in the step S39 is NO. The process ends if the decision 
result in the step S39 is YES. 

In the actual circuit of the LED driving part 130, the 
process of the steps S31 through S34 and the process 
of the steps S35 through S38 are carried out in parallel 

15 in response to the synchronizing pulse associated with 
the movement by 1/2 pixel pitch in the sub scan direc- 
tion y. Hence, the light emission control of the LED array 
36 by the process of the steps S35 through S38 is car- 
ried out with a timing delayed by 1 pixel pitch with 

20 respect to the writing operation to the first and second 
registers 220 and 222 carried out by the process of the 
steps S31 through S34. 

In the embodiment shown in FIG.5, the resolution 
converting part 88 is provided at an intermediate part of 

25 the path which is used to transfer the pixel data read 
from the image memories 82-1 through 82-4 provided 
within the controller part 62 to the engine part 60, and 
the buffer memories 90-1 through 90-4 are provided 
within this resolution converting part 88. The conversion 

so of the pixel data into the high-resolution pixel data, the 
positional error correction, and the generation of the 
gradation data associated with the positional error cor- 
rection are carried out using the buffer memories 90-1 
through 90-4 of the resolution converting part 88. How- 

35 ever, it is of course possible to carry out the conversion 
of the pixel data into the high-resolution pixel data, the 
positional error correction, and the generation of the 
gradation data associated with the positional error cor- 
rection when developing the image data received from 

40 the personal computer 92 into the Y, M, C and K image 
memories 82-1 through 82-4. 

1-5. Line Width Correction: 

45 FIGS.34A through 34D respectively are diagrams 
for explaining a line width correcting process based on 
the line width magnification Km in the main scan direc- 
tion obtained as the positional error detection informa- 
tion shown in FIG. 21 . 

so FIG.34A shows the gradation value D of the print 

data before the correction, and shows the first dot to the 
twenty-first dot in the main scan direction x, and is the 
same as FIG.29A described above A print result which 
is obtained according to the gradation value D of the 

55 print data before the correction becomes as shown in 
FIG.34B which shows an analog distribution of the gra- 
dation value D. In this print result before the correction, 
the print result shown in FIG.34B is enlarged to 10 dots 
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as compared to the 9 dots of the first through ninth dots 
in FIG.34A, for example. 

Such a change of the width in the main scan direc- 
tion x after the printing occurs due to errors inevitably 
introduced during the production of the LED array 36, 5 
optica! errors and the like. In order to simplify the 
description, it is assumed for the sake of convenience 
that the 9 dots of the print data before the correction 
shown in FIG.34A have a reference line width L0, and 
the 10 dots of the print result before the correction w 
shown in FIG.34B have a line width L obtained by the 
positional error detection, the magnification Km of the 
line width in this case can be described by the following . 

Km = L/LO = 10/9 =1.11 15 

Hence, a corrected print result shown in FIG.34C which 
is corrected using the magnification Km of the line width 
is generated. This corrected print result shown in 
FIG.34C is obtained by multiplying an inverse number 20 
(1/Km) = 0.9 of the magnification Km to the analog dis- 
tribution of the gradation value of the print result shown 
in FIG.34B, so as to compress the print result in the 
main scan direction x When an analog distribution of 
the gradation value which is corrected by the above 25 
described multiplication the inverse number of the mag- 
nification Km is sampled at each pixel position in the 
main scan direction, print data shown in FIG.34D are 
obtained. The print data shown in FIG.34D gives a cor- 
rected gradation value distribution after the line width is 30 
corrected. 

In the print data shown in F1G.34D, the line width L0 
= 9 dots in FIG.34A before the correction is compressed 
to the line width L = 8 dots. When the light emission of 
the LED array 36 is controlled based on the print data 35 
which are compressed to the line width L = 8 dots, the 
printing is made according to a line width enlargement 
with the magnification Km, More particularly, if Km = 
1.11, the print result of the print data having the line 
width L = 8 dots in FIG.34D becomes 40 
L x K = 8.88 dots The print result having the line width 
of 8.88 dots falls within a range of the correct line width 
L0 a 9 dots shown in FIG.30A ± 1 dot, and the line width 
error is suppressed to 42 pm or less because the pitch 
of 1 pixel is 42 \xm in the case where the resolution is 45 
600 dpi. 

FIGS.34A through 34D show the case where the 
line width L of the print result before the correction is 
enlarged with respect to the reference line width L0. 
However, in a case where the line width L of the print so 
result before the correction is reduced with respect to 
the reference line width L0, the print result after the cor- 
rection shown in FIG.34C becomes an analog distribu- 
tion of the gradation value expanded in the main scan 
direction x by the multiplication of the inverse number of 55 
the magnification Km, and the corrected print data 
becomes expanded. 

FIG ,35 is a flow chart for generally explaining a 



positional error correcting process in this embodiment. 
First, a step S41 decides whether or not black image 
data are received. If the decision result in the step S41 
is YES, a step S42 develops the black image data into 
the K image memory 82-4 without carrying out a posi- 
tional error correcting process, so as to decompose the 
black pixel data into 2 dots in the sub scan direction y 
and obtain the high-resolution pixel data. 

On the other hand, if the decision result in the step 
S41 is NO or after the step S42, a step S43 converts the 
write address of each pixel data developed from the 
image data of one of the colors yellow, magenta and 
cyan which are other than black, depending on the posi- 
tional error correcting quantity which is detected in 
advance, and further decomposes the pixel data into 2 
dots in the sub scan direction y to obtain the high-reso- 
lution pixel data. 

Next, a step S44 carries out a compression or 
expansion in the main scan direction x depending on 
the line width magnification Km which is detected in 
advance, as described above in conjunction with 
F1GS.34A through 34D. A step S45 decides whether or 
not the above described process is carried out with 
respect to all of the color image data, and the process 
returns to the step S41 if the decision result in the step 
S45 is NO. On the other hand, if the decision result in 
the step S45 is YES, the positional error correcting 
process ends and the operation advances to the write 
process of the LED driving part 130 shown in FIG.26. 

For example, the positional error correcting process 
shown in FIG.35 may be carried out when developing 
the image data into each of the Y, M, C and K image 
memories 82-1 through 82-4 of the controller part 62 as 
shown in FIG.5 or, may be carried out by the buffer 
memories 90-1 through 90-4 of the resolution convert- 
ing part 88 which is provided at the intermediate part of 
the path which is used to transfer the pixel data read 
from the image memories 82-1 through 82-4 provided 
within the controller part 62 to the engine part 60, and 
the location of the hardware structure for carrying out 
the positional error correcting process is not limited to a 
specific location. In addition, the positional error correct- 
ing process may be realized by a software process of 
the MPU 72 or the like, and further, a firmware may be 
provided exclusively for carrying out this positional error 
correcting process. 

In the embodiment described above, the image 
forming apparatus is used in a state coupled to a host 
unit such as a personal computer and a word processor. 
However, the present invention is similarly applicable to 
any color electrostatic image forming apparatus which 
transfers a plurality of color toners onto a recording 
medium such as the recording paper by use of electro- 
static recording units which are disposed in a tandem 
arrangement in the transport direction of the recording 
medium, so as to obtain effects similar to those 
described above. Further, the present invention is not 
limited to the numerical values given in the embodiment 
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described above.. 

2. Description of Second Through Fourth Embodi- 
ments: 

5 

In many cases, manufacturers of printers providing 
printer systems buy an engine part from an engine man- 
ufacturer, and constructs the printer system by connect- 
ing the engine part to a controller part. In this case, from 
the point of view of the manufacturers of the printers, it io 
is desirable that the specification of a video interface 
between the controller part and the engine part is the 
same or very similar among the various types of printer 
systems. But in reality, the specification of the video 
interface differs depending on the system employed by 15 
the exposure unit within the engine part In addition, in 
order to correct the positional error of the printing, it is 
essential to feed back the correcting information to the 
controller part For these reasons, the manufacturers of 
the printers must design and develop an exclusive con- 20 
troll er part provided with the correcting function. 

Next, a description will now be given of a second 
embodiment of the image forming apparatus according 
to the present invention, which provides the correcting 
function in the engine part, so that the specification of 25 
the video interface can be made the same or approxi- 
mately the same regardless of the system employed by 
the exposure unit, and the load on the controller part is 
reduced, to enable printing of an image having a high 
quality. 30 

FIG.36 is a system block diagram showing the sec- 
ond embodiment of the image forming apparatus 
according to the present invention. In FIG36, those 
parts which are essentially the same as those corre- 
sponding parts in FIG.5 are designated by the same ref- 35 
erence numerals, and a description thereof will be 
omitted. In FIG.36, a controller part 62A includes a con- 
troller MPU 72, an interface processor 74, an interface 
processor 78 A, an image processor 301, a controller 
part connector 76, and a controller part connector 80. 40 
On the other hand, an engine part 60A includes an 
address specifying part 84, an address converting part 
86, image memories 82-1 through 82-4, a resolution 
converting part 88 having buffer memories 90-1 through 
90-4, and an image developing part 3 11, in addition to 45 
the constituent elements of the engine part 60 shown in 
FIG.5. In addition, a mechanical controller 64A is pro- 
vided in place of the mechanical controller 64. in other 
words, an image processing part provided within the 
controller part 62 of the first embodiment is provided so 
within the engine part 62A in this embodiment. 

In the controller part 62A, the interface processor 
78A supplies control information which is obtained from 
the personal computer 92 via the controller part connec- 
tor 76, the interface processor 74 and the controller 55 
MPU 72 to the mechanical controller 64A of the engine 
part 60 A via the controller part connector 80 and the 
engine part connector 70. In addition, a print end notifi- 



cation, an abnormality notification and the like are sup- 
plied from the mechanical controller 64A to the 
controller MPU 72 via the engine part connector 70, the 
controller part connector 80 and the interface processor 
78A, and supplied from the controller MPU 72 to the 
personal computer 92 via the interface processor 74 
and the controller part connector 76. 

The image processor 301 receives each of Y, M, C 
and K pixel data from the personal computer 92 via the 
controller part connector 76, the interface processor 74 
and the controller MPU 72, and converts the pixel data 
into a video data format which conforms to the specifi- 
cation of a video interface between the controller part 
62A and the engine part 60A. The pixel data output from 
the image processor 301 are supplied to the image 
developing part 31 1 via the controller part connector 80 
and the interface processor 78A. The image developing 
part 31 1 converts the pixel data supplied from the con- 
troller part 62A into a data format (arrangement) which 
conforms to a driving system employed by the LED 
arrays 36-1 through 36-4, and supplies the converted 
pixel data to the image memories 82-1 through 82-4. If 
the pixel data supplied from the controller part 62A are 
serial data, it is necessary to convert the pixel data into 
parallel data before supplying the pixel data to the 
image memories 82-1 through 82-4. In addition, 
depending on the structure of the LED arrays 36-1 
through 36-4, data received in a sequence 1 , 2, 3, .... n- 
2, n-1 , n must be rearranged into a sequence 1 , 2, 3, 
n/2 for one data line and rearranged into a sequence n, 
n-1, n-2, .... n/2*1 for another data line. The image 
developing part 31 1 is provided to convert the data for- 
mat of the pixel data in the above described manner. 

The electrostatic recording units 24-1 through 24-4 
may use a structure shown in FIG. 37 or a structure 
shown in FIG38 in place of each of the LED arrays 36- 
1 through 36-4. In the case of an exposure part shown 
in FIG.37, a single laser beam emitted from a laser 
diode 400 is deflected by a polygonal mirror 401 to scan 
and expose a photoconductive drum 403 via a lens sys- 
tem 402. On the other hand, in the case of an exposure 
part shown in FIG.38, two laser beams emitted from 
laser diodes 410a and 410b are deflected by a polygo- 
nal mirror 411 to scan and expose a photoconductive 
drum 413 via a lens system 412. The laser beam from 
the laser diode 41 0a exposes the pixels of the odd lines 
on the photoconductive drum 413, while the laser beam 
from the laser diode 41 0b exposes the pixels of the even 
lines on the photoconductive drum 413, independently. 
In the case of the exposure part using the single laser 
beam, it is necessary to convert the parallel data into 
the serial data. On the other hand, in the case of the 
exposure part using the two laser beams, it is neces- 
sary to carry out conversions such as converting the 
data on one data line into data on two data lines, and 
converting the parallel data into two serial data. Even in 
such cases where the structures shown in FIGS.37 and 
38 are used, the image developing part 31 1 can appro- 
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priately convert the data format of the pixel data 
depending on the driving system employed by the elec- 
trostatic recording units 24-1 through 24-4. 

Therefore, according to this embodiment, the posi- 
tional error correction and the conversion of the data for- 
mat of the pixel data depending on the driving system 
employed by the electrostatic recording units 24-1 
through 24-4 are carried out in the engine part 60A. For 
this reason, the specification of the video interface 
between the controller part 62A and the engine part 
60A can be made the same or very similar (that is, 
approximately the same), regardless of the printer sys- 
tem. As a result, the manufacturers of the printers need 
not design and develop an exclusive controller part 62 
provided with the correcting function, and in addition, it 
is possible to reduce the load on the controller part 62A. 

FIG. 39 is a system block diagram showing a third 
embodiment of the image forming apparatus according 
to the present invention . In FIG.39, those parts which 
are essentially the same as those corresponding parts 
in FIG.36 are designated by the same reference numer- 
als, and a description thereof will be omitted. In FIG. 39, 
an engine part 60 B includes a mechanical controller 
64B and an image processing part 321. 

The image processing part 321 has a construction 
shown in FIG.40, In FIG.40, those parts which are 
essentially the same as those corresponding parts in 
FIG.36 are designated by the same reference numerals, 
and a description thereof will be omitted. For the sake of 
convenience, FIG.40 only shows processing systems 
for the colors yellow and magenta, but processing sys- 
tems for the other colors cyan and black have a struc- 
ture similar to the structure of the processing systems 
for the colors yellow and magenta. In addition to the 
image memories 82-1 through 82-4 (only the image 
memories 82-1 and 82-2 shown in FIG.40), a resolution 
converting part 88B and an image developing part 31 1 , 
the image processing part 321 includes an image 
address specifying part 84a and a mark address speci- 
fying part 84b which are provided in common to the 
processing systems of each of the colors, Y mark ROM 
331-1, a Y counter 332-1 and an EEPROM 333-1 pro- 
vided in the processing system of the color yellow, and 
a M mark ROM 331-2, a M counter 332-2 and an EEP- 
ROM 333-2 provided in the processing system of the 
color magenta,. 

Each of the EEPROMs 333-1 and 333-2 stores a 
correcting value for correcting an exposure quantity of a 
corresponding color. For example, in the case where the 
LED array 36 is used for the electrostatic recording unit 
24, it is extremely difficult to make the exposure quantity 
constant for the entire region of 1 line, due to inconsist- 
encies in the characteristics of the LEDs forming the 
LED array 36. in addition, when using one or two laser 
beams to carry out the exposure, it may be seen from 
FIGS.37 and 38 that it is extremely difficult to keep the 
exposure quantity and/or the diameter of the beam spot 
constant for the entire region of 1 line, because the opti- 



cal path length from the polygonal mirror 401 or 41 1 to 
the photoconductive drum 403 or 413 differs depending 
on the position within 1 line (1 main scan period). 
Accordingly, correcting values dependent upon the 

5 exposure positions are obtained in advance and stored 
in the EEPROMs 333-1 and 333-2, so that the pixel data 
can be corrected based on the correcting values so that 
the exposure quantity and/or the diameter of the beam 
spot becomes approximately constant for the entire 

to region of 1 line, when the mechanical controller 64B 
supplies the pixel data to the corresponding electro- 
static recording units 24-1 and 24-2 via the resolution 
converting part 88B. 

The exposure quantity and/or the diameter of the 

15 beam spot at each exposure position on 1 line may also 
vary depending on a change in characteristics caused 
by aging of the image forming apparatus and/or by a 
temperature change. Hence, the correcting values at 
each of the exposure positions may be obtained in 

20 advance with respect to the aging and temperature 
change and stored in the EEPROMs 333-1 and 333-2. 
In this case, when the mechanical controller 64B sup- 
plies the pixel data to the corresponding electrostatic 
recording units 24-1 and 24-2 via the resolution convert- 

25 ing part 88B, the pixel data can be corrected based on 
the correcting values read from the EEPROMs 333-1 
and 333-2 depending on time information and tempera- 
ture information received from a sensor group 338 
which includes a timer, temperature sensor and the like. 

30 The image address specifying part 84a operates 
similarly to the address specifying part 84 shown in 
FIG.36, and specifies addresses for reading the image 
data of each of the colors from the image memories 82- 
1 through 82-4 (only the image memories 82-1 and 82- 

35 2 shown in FIG.40). On the other hand, the mark 
address specifying part 84b specifies addresses for 
reading mark data of each of the colors from the Y, M, C 
and K mark ROMs 331-1 through 331-4 (only the mark 
ROMs 331-1 and 331-2 shown in FIG.40). The mark 

40 data of each of the colors indicate the Y, M, C and K 
resist marks or Y, M, C and K test patterns described 
above in conjunction with the first embodiment. 

When supplying the mark patterns of each of the 
colors to the engine part 60B via the controller part62A, 

45 similarly to the first embodiment, the controller part 62A 
must carry out a mark pattern transmitting operation 
when starting a job or the like, and for this reason, it may 
cause a delay in developing the image data from the 
personal computer 92 into the bit map pattern. But in 

50 this embodiment, the mark patterns of each of the 
colors are prestored in the Y, M, C and K mark ROMs 
331-1 through 331-4 (only the mark ROMs 331-1 and 
331-2 shown in FIG.40) within the engine part 60B, and 
a delay in developing the image data into the bit map 

55 pattern can be prevented, 

in addition, when printing test patterns of each of 
the colors to locate a failure, it is desirable that the test 
patterns can be printed by the engine part 60B alone in 
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order to determine whether the failure exists within the 
engine part 60B or within the controller part 62B„ In this 
embodiment, the test patterns of each of the colors are 
prestored in the Y, M, C and K mark ROMs 331-1 
through 331-4 (only the mark ROMs 331-1 and 331-2 
shown in FIG.40) within the engine part 60B, so that it is 
possible to easily locate the failure by printing the test 
patterns by the engine part 60B alone and printing the 
test patterns by supplying the test patterns from the 
controller part 62A to the engine part 60B, 

The data prestored in the Y, M, C and K mark 
ROMs 331-1 through 331-4 (only the mark ROMs 331- 
1 and 331-2 shown in FIG.40) are not limited to the 
resist patterns and the test patterns, and may be fixed 
data or fixed patterns such as marks which are printed 
when detecting the quantity or density of the toner 
adhered on the endless belt 12 and patterns for use in 
carrying out a jitter compensation. 

Each of the Y, M, C and K counters 332-1 through 
332-4 (only the counters 332-1 and 332-2 shown in 
FIG.40) counts a sum total of the exposure quantities, a 
sum total of the image densities, a sum total of the 
number of times the LEDs of the LED array 36 are 
turned ON or, a value having a correlation with any of 
the preceding elements, with respect to the correspond- 
ing color based on the image data. Counted values of 
the counters 332-1 through 332-4 (only the counters 
332-1 and 332-2 shown in FIG.40) are stored in the cor- 
responding EEPROMs 333-1 through 333-4 (only the 
EEPROMs 333-1 and 333-2 shown in FIG.40). Hence, 
the mechanical controller 64B can predict the correcting 
values of the exposure quantities based on the amount 
of toner consumed, deterioration of the LED arrays or 
exposure parts of the electrostatic recording units 
depending on the used states thereof, and correct the 
pixel data based on the correcting values similarly to the 
above. The predicted correcting values of the exposure 
quantities may be stored in the EEPROMs 333-1 
through 333-4 (only the EEPROMs 333-1 and 333-2 
shown in FIG.40). It is possible to reset the counted val- 
ues stored in the EEPROMs 333-1 through 333-4 (only 
the EEPROMs 333-1 and 333-2 shown in FIG.40) by 
sending a reset instruction from the personal computer 
92 when replacing the toner, LED array or exposure part 
of the electrostatic recording units. 

The counted values stored in the EEPROMs 333-1 
through 333-4 (only the EEPROMs 333-1 and 333-2 
shown in FIG.40) may be reset in response to an output 
of a switch provided in the engine part 60B when replac- 
ing the toner, LED array or exposure part of the electro- 
static recording units In FIG.40, an output of the switch 
group 339 including a switch which is operated when 
supplying or replacing the toner or replacing the LED 
array or exposure part of the electrostatic recording 
units is supplied to the mechanical controller 64B. The 
switch included in the switch group 339 may be con- 
structed to automatically turn ON/OFF to instruct reset- 
ting of the counted values when the electrostatic 



recording unit or the like is removed from the image 
forming apparatus, 

FIG.41 is a system block diagram showing an 
important part of a fourth embodiment of the image 
5 forming apparatus according to the present invention. In 
FIG.41, those parts which are essentially the same as 
those corresponding parts in FIG.36 are designated by 
the same reference numerals, and a description thereof 
will be omitted. 

io In FIG.41, an image developing part 31 1C gener- 
ally includes a color separating part 41 1 , Y, M, C and K 
developing parts 412-1 through 412-4, and exposure 
quantity computing parts 413-1 through 413-4. In other 
words, in addition to the constituent elements of the 

75 image developing part 31 1 shown in FIG.36, the image 
developing part 31 1C further includes the exposure 
quantity computing parts 413-1 through 413-4. The 
color separating part 41 1 separates the image data 
obtained from the controller part 62A into the image 

20 data of each of the colors yellow, magenta, cyan and 
black, and supplies the separated Y, M, C and K image 
data to the corresponding Y, M, C and K developing 
parts 412-1 through 412-4, The Y, M, C and K develop- 
ing parts 412-1 through 412-4 develop the correspond- 

25 ing Y, M, C and K image data into dot data (pixel data), 
and store the pixel data into the corresponding Y, M, C 
and K image memories 82-1 through 82-4 as ON/OFF 
data for controlling ON/OFF states of the LEDs of the 
LED arrays 36-1 through 36-4. In addition, the exposure 

30 quantity computing parts 413-1 through 413-4 compute 
the exposure quantities of the pixel data obtained from 
the corresponding Y, M, C and K developing parts 412- 
1 through 412-4, and store computed exposure quantity 
data in the corresponding Y, M, C and K image memo- 

35 ries 82-1 through 82-4. The exposure quantity comput- 
ing parts 413-1 through 413-4 also carry out an 
operation process such as a 1 dot (1 pixel) emphasis 
process with respect to the exposure quantities of the 
corresponding pixel data. As a result, it is possible to 

40 correct an image quality deteriorating element originat- 
ing from the engine part 60A by the operation process 
such as the 1 dot emphasis process.. 

FIG. 42 is a flow chart for explaining an embodiment 
of the operation process carried out by the exposure 

45 quantity computing parts 413-1 through 413-4. In this 
embodiment, the exposure quantity computing parts 
413-1 through 413-4 are formed by at least 1 CPU or 
the like, for example, and carry out the operation proc- 
ess shown in FIG. 42. For example, if it is assumed for 

so the sake of convenience that the 1 dot emphasis proc- 
ess is carried out by the exposure quantity computing 
part 413-4 with respect to the color black, a step S301 
shown in FIG, 42 decides whether or not a dot (pixel) at 
a point (i, j-1) is to be turned ON, where i denotes a x- 

55 coordinate of an image described by pixel data obtained 
from the corresponding K developing part 412-4 in an 
xy-coordinate system, and j denotes a y-coordinate of 
this image in the xy-coordinate system. If the decision 
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result in the step S301 is NO, a step S302 decides 
whether or not a dot at a point (i, j+1) is to be turned ON 
If the decision result in - l step S302 is NO, a step S303 
decides whether or no ? dot at a point (i-1, j) is to be 
turned ON. If the decision result in the step S303 is NO, 5 
a step S304 decides whether or not a dot at a point , 
j) is to be turned ON.. 

If the decision result in the step S304 is NO, a step 
S305 sets the light quantity of the dot at the point (i, j) to 
LH, and the process advances to a step S307. On the 10 
other hand, if the decision result in any one of the steps 
S301 through S304 is YES, a step S306 sets the light 
quantity of the dot at the point (i, j) to LL, where LL < LH, 
and the process advances to the step S307. The step 
S307 decides whether or not both i and j are maximum is 
values, and the process returns to the step S301 if the 
decision result in the step S307 is NO. The process 
ends if the decision result in the step S307 is YES. 

Further, the present invention is not limited to these 
embodiments, but various variations and modif ications so 
may be made without departing from the scope of the 
present invention. 

Claims 

25 

1 . An image forming apparatus comprising: 

a transport mechanism (11) transporting a 
recording medium on a belt which is trans- 
ported at a constant speed in a transport direc- so 
tion; and 

a plurality of electrostatic recording units (24-1 
- 24-4) arranged in the transport direction of the 
recording medium and transferring toner 
images of different colors, 35 

characterized by: 
a positional error detecting part (116) using the 
toner image of a reference color transferred by 
one of the electrostatic recording units as a ref- 
erence image, and relatively detecting posi- 40 
tional error information related to positional 
errors of the toner images of remaining colors 
transferred by the remaining electrostatic 
recording units with respect to the reference 
image; and 45 
a positional error correcting part (124) rela- 
tively correcting the positional errors of the 
toner images transferred by the remaining elec- 
trostatic recording units based on the positional 
error information, so 
said positional error detecting part comprising: 

first means for controlling said electrostatic 
recording units to transfer at least two 
resist marks on the belt at a scan starting 55 
end and a scan terminating end of the belt 
in a main scan direction which is perpen- 
dicular to the transport direction of the 



recording medium, with respect to each of 
the colors; and 

second means, including a sensor detect- 
ing the resist marks, for detecting posi- 
tional error quantities of the resist marks of 
each of the remaining colors with respect 
to the resist marks of the reference color 
based on detection times of the resist 
marks of reference color and the remaining 
colors. 

2. The image forming apparatus as claimed in claim 1 , 
characterized in that: 

each of the resist marks has a first straight line 
parallel to a main scan direction which is paral- 
lel to the transport direction of the recording 
medium and a second straight line inclined with 
respect to the main scan direction and a sub 
scan direction which is perpendicular to the 
main scan direction, and 
said second means measures a time from a 
detection time of the first line of one resist mark 
of the reference color to a detection time of the 
first line of a corresponding resist mark of each 
of the remaining colors, and detects an error 
quantity in the sub scan direction of each of the 
remaining colors by subtracting a reference 
time from the measured time with respect to 
each of the remaining colors, said reference 
time being a measured time when no positional 
error exists, 

3. The image forming apparatus as claimed in claim 2, 
characterized in that: 

said second means further measures a first 
time from a detection time of the first line to a 
detection time of the second line of one resist 
mark of the reference color, and a second time 
from a detection time of the first line to a detec- 
tion time of the second line of each of the 
remaining colors, and detects an error quantity 
in the main scan direction of each of the 
remaining colors based on a difference 
between the first time and the second time, 

4. The image forming apparatus as claimed in claim 1 , 
characterized in that: 

each of the resist marks has a first straight line 
parallel to a main scan direction which is paral- 
lel to the transport direction of the recording 
medium and a second straight line inclined with 
respect to the main scan direction and a sub 
scan direction which is perpendicular to the 
main scan direction, and 
said second means measures a first time from 
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a detection time of the first line to a detection 
time of the second line of one resist mark of the 
reference color, and a second time from a 
detection time of the first line to a detection 
time of the second line of each of the remaining 5 
colors, and detects an error quantity in the 
main scan direction of each of the remaining 
colors based on a difference between the first 
time and the second time., 

10 

5. The image forming apparatus as claimed in claim 1 , 
characterized in that said reference color has a 
highest contract among the colors of the toner 
images transferred by said electrostatic recording 
units (24-1 -24-4). 15 

6. The image forming apparatus as claimed in claim 4, 
characterized in that said positional error detecting 
part (116) sets an intersecting angle 0 of the sec- 
ond straight line of the resist mark with respect to 20 
the first straight line to a value satisfying 

tane < (v • T/S) 

where v denotes a transport speed of the belt in 25 
(mm/sec), S denotes a detection accuracy of the 
sensor in (urn), and T denotes a sampling period of 
a detection signal output from the sensor in (sec)„ 

7. The image forming apparatus as claimed in claim 4, so 
characterized in that said positional error detecting 
part (116) sets an intersecting angle 0 of the sec- 
ond straight line of the resist mark with respect to 
the first straight line to a value satisfying 

35 

tane < (v • t/W) 

where v denotes a transport speed of the belt in 
(mm/sec), W denotes a tolerable error width of the 
first straight line in the main scan direction in (mm), 40 
and t denotes a tolerable time of printing one resist 
mark in the sub scan direction in (sec). 

8. The image forming apparatus as claimed in any of 
claims 1 to 5, characterized in that said positional 45 
error detecting part (116) successively transfer a 
plurality of resist marks of each of the colors at each 

of the scan starting end and the scan terminating 
end of the belt in the main scan direction, and 
detects the positional error quantities of the resist so 
marks of each of the remaining colors with respect 
to the resist marks of the reference color based on 
average values of the positional errors with respect 
to each of the remaining colors. 

55 

9. The image forming apparatus as claimed in any of 
claims 1 to 5, further characterized by: 



an image memory (82-1 - 82-4) developing 
image data of each of the colors into pixel data 
and storing the pixel data, 

wherein said positional error correcting 
part (124) corrects a write address of said 
image memory based on the positional error 
information detected by said positional error 
detecting part (116) when developing the 
image data into the pixel data, so as to correct 
an error of images of the remaining colors with 
respect to the reference image when printing. 

10. The image forming apparatus as claimed in claim 9, 
characterized in that said positional error correcting 
part (124) computes an error quantity in a sub scan 
direction which is perpendicular to the main scan 
direction at each pixel position along a main scan 
line in the main scan direction based on an error 
quantity Ax in the main scan direction, an error 
quantity Ay in the sub scan direction and a skew 
quantity Az in the sub scan direction of the pixel 
data, and corrects the write address of said image 
memory by correcting the write address in the sub 
scan direction to a position in a direction opposite to 
a direction of the error so as to cancel each error 
quantity. 

11. The image forming apparatus as claimed in claim 

10, characterized in that each of said electrostatic 
recording units (24-1 - 24-4) comprises: 

an optical write unit, including a photoconduc- 
tive drum (32), forming an electrostatic latent 
image on the photoconductive drum by carry- 
ing out an optical write operation with respect 
to the photoconductive drum depending on 
gradation values of the pixel data, 
a resolution in the sub scan direction of the 
optical write unit being higher than a resolution 
in the main scan direction, 
said positional error correcting part (124) carry- 
ing out the printing by correcting the positional 
error using the gradation values and a high- 
resolution optical write operation of the optical 
write unit 

12. The image forming apparatus as claimed in claim 

1 1 , characterized in that: 

said optical write unit includes a write array (36) 
having a plurality of light emitting elements 
arranged at a pitch of 1 pixel in the main scan 
direction, and writes 1 pixel by controlling light 
emissions of the write array in time divisions of 
first through nth scans in synchronism with the 
transport of the recording medium in the sub 
scan direction at a pitch of 1/n pixels, 
said positional error correcting part (124) con- 
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verts the pixel data into the high-resolution 
pixel data by decomposing the pixel data into n 
in the sub scan direction and stores the high- 
resolution pixel data in said image memory (82- 
1 - 82-4) when developing the pixel data in said 5 
image memory, and computes the error quan- 
tity in the sub scan direction at each pixel posi- 
tion on the main scan line, based on the error 
quantity Ax in the main scan direction, the error 
quantity Ay in the sub scan direction and the 10 
skew quantity Az in the sub scan direction, with 
respect to the high -resolution pixel data, and 
writes the pixel data in said image memory by 
correcting the write address in the sub scan 
direction to a position in a direction opposite to 15 
the direction of the error so as to cancel each 
error quantity, so that n corrected high-resolu- 
tion pixel data are successively read from said 
image memory in synchronism with the trans- 
port of the recording medium in the sub scan 2 o 
direction at a pitch of 1/n pixel, and 1 pixel is 
written by the write array by time-divisionally 
driving the light emitting elements of the write 
array. 

25 

13. The image forming apparatus as claimed in claim 
12, characterized in that: 

said positional error correcting part (124) 
judges whether or not the n high-resolution so 
pixel data decomposed with the pitch of 1/n 
pixel in the sub scan direction are located at a 
pixel boundary when developing the high-reso- 
lution pixel data which are corrected of the 
positional error in said image memory (82-1 - 35 
82-4), stores a previously used gradation value 
as a gradation value of a first scan with respect 
to the n decomposed high-resolution pixel data 
if the n high-resolution pixel data are not 
located at the pixel boundary, and stores the 40 
gradation values separately for the first through 
nth scans with respect to the decomposed n 
high-resolution pixel data if the n high-resolu- 
tion pixel data are located at the pixel bound- 
ary, 45 
a light emission of the light emitting elements of 
the write array (36) of the optical write unit is 
time-divisionally controlled depending on the 
same gradation value for each timing of the first 
through nth scans of 1 pixel at the pitch of 1/n so 
pixel in the sub scan direction if the high-reso- 
lution pixel data amounting to 1 pixel decom- 
posed in the sub scan direction and read from 
said image memory has the gradation value of 
only the first scan, and ss 
if the high-resolution pixel data amounting to 1 
pixel decomposed in the sub scan direction 
and read from said image memory has the gra- 



dation values of the first through nth scans, the 
light emission of the light emitting elements of 
the write array of the optical write unit is con- 
trolled depending on the gradation value of the 
first scan with the timing of the nth scan of the 
nth 1/n period for the first 1 pixel, controlled 
depending on the gradation value of the sec- 
ond scan with the timing of the (n-l)th scan of 
the second 1/n period of the next 1 pixel, 
and controlled depending on the gradation 
value of the nth scan with the timing of the first 
scan of the first 1/n period of the next 1 pixel. 

14. The image forming apparatus as claimed in claim 
13, characterized in that the optical write unit com- 
prises: 

a driving part (130) controlling the light emis- 
sion of the light emitting elements of the write 
array (36) by a number of light emission pulses 
dependent upon the gradation value during 
each light emission period, so as to control a 
depth of the latent image formed on the photo- 
conductive drum (32). 

15. The image forming apparatus as claimed in claim 
12, characterized in that the write array (36) of the 
optical write unit comprises a light emitting diode 
(LED) array having a plurality of LEDs arranged at a 
pitch of 1 pixel in the main scan direction. 

16. The image forming apparatus as claimed in claim 
15, characterized in that a print resolution of ihe 
LED array in the sub scan direction is an integral 
multiple of a print resolution of the LED array in the 
main scan direction. 

17. The image forming apparatus as claimed in claim 
1 1 , characterized in that a print resolution of the 
optical write unit in the sub scan direction is an inte- 
gral multiple of a print resolution of the optical write 
unit in the main scan direction. 

18. The image forming apparatus as claimed in claim 9, 
characterized in that said positional error correcting 
part (124) obtains a reduced or enlarged number 
(N/Km) of corrected pixels by multiplying to a prede- 
termined number N of pixels in the main scan direc- 
tion an inverse number of a magnification Km which 
is obtained by dividing a line width of the image in 
the main scan direction by a line width of the refer- 
ence image in the main scan direction, and writes 
the gradation value of the pixel data compressed or 
expanded in the main scan direction at each pixel 
address of the reduced or enlarged number (N/Km) 
of corrected pixels. 

19. The image forming apparatus as claimed in claim 
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18, characterized in that said positional error cor- 
recting part (124) multiplies the inverse number of 
the magnification Km with respect to the print result 
of the pixel data before the correction to obtain a 
corrected print result which is reduced or enlarged 
in the main scan direction, and samples the cor- 
rected print result at each position of the reduced or 
enlarged number (N/Krn) of corrected pixels by mul- 
tiplying the inverse number of the magnification Km 
of the line width of the image in the main scan direc- 
tion to the predetermined number N of pixels in the 
main scan direction, so as to generate the grada^ 
tion value of each pixel after being subjected to the 
line width correction. 

20. The image forming apparatus as claimed in claim 1 , 
further characterized by: 

a main apparatus body (10) including an 
engine part (60) and a controller part (62), 
said electrostatic recording units (24-1 - 24-4) 
and said positional error detecting part (116) 
being provided in the engine part, 
said positional error correcting part (124) being 
provided in the controller part.. 

21. The image forming apparatus as claimed in claim 
20, further characterized by: 

an image memory (82-1 - 82-4) developing 
image data of each of the colors into pixel data 
and storing the pixel data, 
said positional error correcting part (124) pro- 
vided in the controller part (62) carrying out a 
positional error correction based on the posi- 
tional error information detected by said posi- 
tional error detecting part (116) of the engine 
part (60) when developing image data trans- 
ferred from an external host unit into said 
image memory as the pixel data, 

22. The image forming apparatus as claimed in claim 
20, further characterized by: 

an image memory (82-1 - 82-4) developing 
image data of each of the colors into pixel data 
and storing the pixel data; and 
a buffer memory (90) provided at an intermedi- 
ate part of an output path which is used to out- 
put the image data read from said image 
memory to the engine part (60), 
said positional error correcting part (124) pro- 
vided in the controller part (62) developing the 
image memory in said buffer memory to carry 
out a positional error correction said buffer 
memory based on the positional error informa- 
tion detected by said positional error detecting 
part provided in the engine part. 



23. An image forming apparatus comprising: 

a controller part (62) receiving image data and 
control information; and 
s an engine part (60) including a recording unit 

(24-1 - 24-4) printing an image on a recording 
medium based on the image data and the con- 
trol information received via said controller 
part, 

io said engine part further including image 

processing means (321) for correcting a posi- 
tional error of a print position of the recording 
unit and for converting a data format of the 
image data depending on a driving system 

75 employed by the recording unit, 

24. The image forming apparatus as claimed in claim 
23, characterized in that a specification of a video 
interface between said controller part (62) and said 

20 engine part (60) is the same or approximately the 
same regardless of the image forming apparatus. 

25. The image forming apparatus as claimed in claim 
23 or 24, characterized in that the image process- 
es ing means (321) of said engine part (60) includes a 

storing part (333-1 - 333-4) storing correcting val- 
ues dependent upon exposure positions. 

26. The image forming apparatus as claimed in claim 
30 25, characterized in that the storing part (333-1 - 

333-4) stores correcting values dependent upon 
the exposure positions with respect to aging and/or 
temperature change. 

35 27. The image forming apparatus as claimed in any of 
claims 23 to 26, characterized in that the image 
processing means (321) of said engine part (60) 
includes a storing part (331-1 - 331-4) storing a 
fixed pattern selected from a group consisting of a 

40 resist pattern, a test pattern, a jitter compensation 
pattern, and marks which are printed when detect- 
ing a quantity or density of a toner transferred from 
the recording unit 

45 28. The image forming apparatus as claimed in any of 
claims 23 to 27, characterized in that the image 
processing means (321) of said engine part (60) 
includes means (332-1 - 332-4, 333-1 - 333-4) for 
storing a counted value by counting based on the 

so image data at least one of a group consisting of a 
sum total of exposure quantities, a sum total of 
image densities, a sum total of a number of times 
light emitting elements of the recording unit are 
turned ON, and a value having a correlation with 

55 any of preceding elements. 

29. The image forming apparatus as claimed in claim 
28, further characterized by: 
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means for resetting the counted value. 

30. The image forming apparatus as claimed in any of 
claims 25, 26, 28 and 29, characterized in that said 
engine part (60) further includes correcting means 5 
for correcting an exposure quantity of the recording 
unit (24-1 - 24-4) based on the correcting values. 

31 . The image forming apparatus as claimed in any of 
claims 23 to 30, characterized in that the image 10 
processing means (321) of said engine part (60) 
includes means for carrying out an operation proc- 
ess with respect to an exposure quantity of the 
image data. 
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FIG. 34A 
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FIG. 34C 
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FIG. 3 5 
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(54) image forming apparatus 

(57) An image forming apparatus includes a trans- 
port mechanism (11) transporting a recording medium 
on a belt (12) which is transported at a constant speed 
in a transport direction, a plurality of electrostatic 
recording units (24-1 - 24-4) arranged in the transport 
direction of the recording medium and transferring toner 
images of different colors, a positional error detecting 
part (116) using the toner image of a reference color 
transferred by one of the electrostatic recording units as 
a reference image, and relatively detecting positional 



error information related to positional errors of the toner 
images of remaining colors transferred by the remaining 
electrostatic recording units with respect to the refer- 
ence image, and a positional error correcting part (124) 
relatively correcting the positional errors of the toner 
images transferred by the remaining electrostatic 
recording units based on the positional error tnforma- 
tion The positional error detecting part includes a part 
for controlling the electrostatic recording units to trans- 
fer at least two resist marks on the belt at a scan starting 
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quantities of the resist marks of each of the remaining 
colors with respect to the resist marks of the reference 
color based on detection times of the resist marks of ref- 
erence color and the remaining colors. 
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